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CHANGES WROUGHT IN THE GRAPEFRUIT IN THE 
PROCESS OF MATURATION. 


INTRODUCTION, 


In the year 1911 the national pure-food officials conducted an 
investigation to determine to what extent was the suitability of citrus 
fruits for human consumption affected by the state of maturity of 
the fruit. This was necessary on account of the large amounts of 
immature citrus fruit with which Florida and California were flood- 
ing the market. The outcome of this investigation was the F. I. D. 
No. 133, which condemned the use of immature citrus fruit in the 
following language : 

‘*There is evidence to show that the consumption of such immature oranges, 


especially by children, is apt to be attended by serious disturbances of the diges- 
tive system.’’ 


Acting upon this decision, restrictive measures were adopted both 
by state and national authorities against the sale of immature citrus 
fruit, and against any attempt to conceal such immaturity, by sweat- 
ing or by misbranding or mislabeling, or in any other form which 
might deceive the public as to the real quality of the fruit involved. 

The carrying out of these measures required a standard by which 
to judge the maturity of the fruit. Such a standard was first set 
by Florida as the result of the findings of a commission of experts, 
appointed for the purpose, which reported that an orange could be 
regarded as mature when ‘‘its chemical analysis would show the 
percentage by weight of the total sugar, as invert sugar, to be seven 
times, or more, than the weight of the total acid, as citric acid.’’ 
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This was modified by the National Bureau of Chemistry, to read 
as follows: 


‘*All mature oranges shall contain not less than eight parts of total solids 
to one part of total acid, calculated as citric acid without water of cristalization’’; 


And that— 


‘All mature grapefruit shall contain not less than seven parts of total solids 
to one part of total acid calculated as citrie acid without water of erystalization.’’ 


As a result of the restrictive measures above referred to, two 
cargoes of grapefruit from Porto Rico were destroyed at the port 
of New York by the health officers in charge in 1916, for not reach- 
ing the required ratio of 7. Our growers protested, and sent a com- 
mission to Washington, to present their claims before the competent 
authorities. They were given a hearing by the Bureau of Chemistry 
in which arguments were presented by the commission to show that 
the standard set might not be applicable to Porto Rican fruit, that 
the fruit here might come to maturity before it reached the stated 
ratio of 7, and that perhaps it might never come up to this ratio 
after all. The chief claim, however, was that the fruit here was 
fully matured before the ratio of 7 was reached. 

To decide this point, as well as to gather data that might he 
useful in cultivating, fertilizing, and handling the fruit, the investi- 
gation herein reported was started in 1916 by the former chemist, 
Mr. W. B. Cady. 

In 1917 Mr. Cady resigned, and the writer was appointed as his 
successor. The problem was immediately submitted to his consid- 
eration by the then Director of the Station, Mr. W. V. Tower, with 
the request that the work begun by Mr. Cady be continued. How- 
ever, Mr. Cady’s plan of investigation was never available to the 
writer, and all that was found in the records was a mass of data 
from which to judge the purpose that Mr. Cady undoubtedly 
had in mind. The above statement it not made in any spirit of 
criticism but simply as a candid expression of facts unavoideable 
in a report of this nature which must embody data collected by 
two different investigators, and in which each one must have 
his due. From the data at hand the conclusion was reached that 
the chief aim was to find out whether grapefruits matured before 
reaching a ratio of 7, and to study the effect of sweating, and 
storing, on the ratio and sugar .content of the juice. Besides, 
there were data to show that an attempt had been made to gain an 
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insight into the seasonal changes suffered by the fruit, and to cor- 
relate these changes with the kind of soil and fertilizers used. These 
may not have been exactly the aims sought; but in the absence of 
a definite statement as to the real purpose of the investigation, that 
is what the data seem to show. 

The data left by Mr. Cady, included the following records: 

1. Measurements of the size of the fruit, and thickness of skin, 
weight of the fruit, skin, and juice, and analyses of the juice of 
samples taken periodically. The analyses of the juice included de- 
terminations of solids in solution, sugar as invert, sucrose, and acid 
as citric acid. Also notes on the color of the skin. 

2. Parallel analyses of fruit stored without sweating and after 
heing sweated, on which all the above data were also taken. Besides, 
the number of fruits going to rot during storage was ascertained 
in each ease. 

3. Notes on the types of soils on which each tree stood, and 
chemical analyses of each soil. 

4. Some notes on.the fertilizers used, but not enough to be useful 
in drawing conclusions. 

5. Tables constructed with the data obtained to show correlations 
between the factors compared. 

The method followed by Mr. Cady as evidenced from his notes 
consisted in having one or two trees set aside in each of a number 
of plantations, so that he could go around periodically, (usually 
every 15 days from September to February) and pick samples from 
each of the trees for his various experiments. Notes were taken on 
the type of soil on which the trees stood, and soil samples taken from 
around the base of the trees were analyzed. In a number of in- 
stances notes about the fertilizer used were taken. 

The writer thought that no conclusions as to the effect of fertil- 
izers could be drawn from data collected in this fashion, where there 
were so many factors of variation involved and decided to drop that 
phase of the project referring to fertilizers. Each tree was fertilized 
differently, planted on different soil, and under different clima- 
tological conditions. 

The effect of sweating and storing fruit was so clearly shown 
by Mr. Cady’s work that the writer did net think it necessary to 
conduct any more experiments along this line. 

The system of having trees set aside in different plantations and 
of collecting samples periodically was continued, and the soils were 
analvzed whenever new trees were’ chosen. It was also decided to 
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carry out determinations of the content of nutritive ingredients in 
the whole fruit, to gain a general idea of the amount of fertilizer 
removed by an average crop of grapefruit under the conditions of 
cultivation and types of soils that obtain in this country. By what 
has been said it will be evident thet all data collected from 1916-1917 
was the work of Mr. Cady. 

AIMS. 


With these general ideas in mind, the original plan of investiga- 
tion, whatever it might have been, was reconstructed to cover the 
following aims. These aims were of course to be attained with the 
aid of Mr. Cady’s data: 

1. To determine whether grapefruit may be considered mature 
before it reaches a ratio of solids to acid of 7. 

2. To determine the time of the year when grapefruit reached 
a ratio of 7, Mr. Cady’s work having demonstrated that grapefruit 
here did come up to this ratio. 

3. To find out whether there was any difference among the dif- 
ferent varieties cultivated here in regard to the points noted above. 

4. To gain some knowledge as to the proportions of fertilizing 
ingredients present in the fruit at different stages of its maturation 
period. 

5. To determine the influence of rainfall on the composition of 
the fruit. 

6. To find out the influence, if any, of type of soil on any of the 
points enumerated. 

7. To see whether the soil composition bears any relation to the 
composition of the fruit, or to its quality. 

8. To find out the influence of storing and of sweating the fruit 
on the ratio, appearance, keeping qualities, weight, proportion of skin 
and juice to weight of fruit, sugar content of juice, and, in general, 
upon the quality of the fruit as a whole. 

An immense amount of work would be required to arrive at defi- 
nite conclusions on any of the points enumerated above. With the 
data at hand to date, many of the questions raised may be considered 
as definitely settled, while others would require further work, and 
changes in the method of investigation to complement the data 
obtained. However, as it is not possible to give for the present 
more time to this project, all data collected, whether leading to defi- 
nite conclusions or not, will be heré published, so that they may be 
available to any other investigator on the subject who may have 
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use for them. This should be taken, then, only as a report of a 
work which has not been carried to completion. 

For clearness in the discussion, this report will be presented in 
two parts. Part I will deal with the changes undergone by the 
fruit without any reference to the factors affecting them, and will 
take up the first four points enumerated. Part II will be devoted 
to a discussion of the factors, natural and otherwise, affecting the 
changes discussed in Part I. 


PLAN OF THE INVESTIGATION, 


As already explained, there were two lines of investigation indi- 
cated by Mr. Cady’s work, which the author discontinued, namely : 
the effect of fertilizers, and the effect of sweating and storing on the 
composition and quality of the fruit. The former, because it was 
not thought possible to arrive at any conclusions with the data ob- 
tained, or obtainable under the circumstances,’ and the second, be- 
cause the point was deemed sufficiently proven by the data at hand. 

For the work to be done trees were selected in different planta- 
tions in the fruit district along the northern coast. The plantation 
owners, of whom a list is given further on; were liberal enough to 
part with the crop of the tree or trees selected, and from each tree 
a sample of ten or twelve fruits was picked every fortnight. These 
samples were brought to the laboratory and not later than twenty- 
four hours after, subjected to the tests given below. 

The trees were so chosen that both clay and sandy soils were 
represented. For the season 1917 to 1918 trees of both Marsh’s Seed- 
less and Duncan were used, but for the following season, 1918 to 
1919. only Duneans were selected, as this variety is by far the most 
generally planted of all. The triumph variety is very little eul- 
tivated. 

During the season 1917-1918 the following data were taken on 
the fruit: 

(a) Weight of fruit. 

(b) Size of fruit. 

(c) Thickness of skin. 

(d) Weight of skin. 

(e) Weight of juice extracted. 


(f) Solids in solution in juice. 
(g) Acidity in juice expressed as anhydrous citric acid. 


1No plan for fertilizing the trees systematically was available, but only notes on the 
fertilizers used by the planters themselves on their respective places. These varied in 
amount, composition and character, and could not, of course, serve as a basis for any conclu- 


sion. 
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No soil analyses were performed during this season, due to lack 
of time. 

During the season of 1918-1919 the sucrose content, invert sugar, 
and total sugar as invert, were determined in addition to the tests 
given above. Besides, observations were made on the color of the 
fruit, consistency of the juice cells, and taste (whether sweet, tart, 
or sour) of the juice. 

Soil samples from around the trees used this year were analyzed. 

On the samples picked during this season, determinations of 
nitrogen, ash, phosphoric acid and potash were made om the whole 
fruit. 


METILODS, 


The data left by Mr. Cady were taken as follows: 

The seasonal variations were observed on samples picked biweekly 
from trees set aside for the purpose, as already explained. The data 
ineluded all those detailed above, except the nitrogen determinations 
and the ash analyses. 

The method of sampling followed is deseribed by Mr. Cady in 
his notes as follows: 

‘*Beginning September 22nd, we selected an average Duncan tree in eight 
different groves, picked twelve fruits from each of these trees at intervals of 
every two weeks as work at the laboratory would permit. These fruits were 
brought to the laboratory and analyzed. The groves from which this fruit was 
taken ranged from a heavy elay to a light sandy soil.’’ 


The effect of storing and of sweating was determined by picking 
80 fruits from each of five trees every month, dividing these into 
two lots of 40 each, one lot sweated and the other left in natural 
condition. Each week 10 fruits of each lot were weighed, measured, 
as already explained, and analyzed. This is deseribed by Mr. Cady 
as follows: 

“Changes that take place in holding sweated and unsweated fruit—These 
tests were from five different groves. Eighty fruits were taken from each grove 
and divided into lots of 40 each. Forty fruits were sweated forty-eight hours 
at a temperature of from 90 to 95 degrees Fahr. The other 40 were held in the 
laboratory for analysis. Ten fruits were analyzed each week from the sweated 


and unsweated lots.’’ 


Another method used consisted in picking lots of 150 or 200 fruits 
and storing the fruit, one-half sweated and the other unsweated. 
Samples of 10 fruits were analyzed each succeeding week, and »' 
other observations noted made on them. 
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Samples of soils in which these trees stood were analyzed as well. 

As no description of the methods used in the analysis and meas- 
urement of the fruit employed by Mr. Cady are available a brief 
account of those used by the writer will be given. 


METHODS OF ANALYSIS. 


Size—The size of the fruit has been expressed by the figure 
indicating the number of fruits packed in a standard box. This 
was determined by passing the fruit through circular holes, and 
taking the number corresponding to that through which the fruit 
would pass fitting closely. 

The dimensions and the corresponding numbers were as follows: 


Diameter of Corresponding 
holes in : number indicating 
inches. size of fruit. 
NG Sent oS ee ee oe, Seen eee 80 
VAG 2 2 oases nen cates ede aeeeon eee eee 72 
Ss oie AS Ae a a a ig Sic Pat ea 64 
IAN isles nitcc sek atm tcarteltde ea mawadaee ae 54 
TE i pe res as eg gi i ode so ssa ae eae ea 
OI onc ee BO ae ee ee ae 


The contrivance for taking these measurements was found in the 
laboratory, so that it may be taken for granted that it was used by 
Mr. Cady in taking his measurements. 

Thickness of rind.—The fruits were cut across midway between 
the upper and lower ends through a plane perpendicular to the axis 
of the fruit. 

On one of the halves, and at several places around the circum- 
ference, a ruler was laid flat on the plane section, passing through 
the center, and the diameter, including and excluding the rind, taken. 
One-half the difference between the two diameters was taken as the 
thickness of the rind at that particular point. The average of five 
or six thicknesses thus found was taken as the thickness of the skin 
of that particular fruit. The average of the thicknesses of all the 
fruits in the sample was taken as the thickness of rind in the sample. 

Proportion of rind and juice—The per cent rind and juice were 
found as described under juice analysis. 


METHOD OF ANALYSIS. 


Juice analysis —The fruits were peeled, the peeled fruit ex- 
pressed by hand, and the pulp strained through cheese cloth until 
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12 
practically all of the juice had been extracted. This operation was 
always performed by the same person. The fruits were weighed 
before peeling and expressing, so that by weighing the skins and 
the juice the proportion of each in the whole fruit was easily cal- 
culated. The seeds were then separated from the juice, and the 
latter submited to the following tests: 

Total solids—aA tall cylinder was filled to the brim with the 
juice, the air bubbles allowed to escape, and a Brix spindle inserted. 
The temperature was taken, the Brix spindle read, and the reading 
corrected according to the temperature by means of Spencer’s table 
of corrections, The corrected degree Brix was taken as the per cent 
solids in solution. From the degree Brix the specific gravity was 
found in a table of equivalents. 

Acidity—Ten cubic centimeters were measured off by means of 
a pipette into 150 ec. Erlenmeyer flask, 50 ec. distilled water added, 
and the whole boiled to expel carbon dioxide. The diluted juice was 
cooled, phenolphthalein added as indicator, and titrated with caustic 
soda solution so prepared that one cubic centimeter was equivalent 
to one-hundredth gram of anhydrous citric acid. 

Sucrose.—The double polarization method of Clerget was used. 
The inversion was accomplished by concentrated hydrochloric acid. 
acting on the juice at ordinary temperatures for twenty-four hours. 
Hertzfeld formula and table of corrections for the constant were 
employed in the calculations. 

Invert sugar.—School de Hans Method was used. 

Total sugar as invert—This was calculated from the figures for 
sucrose and invert sugar. 


DETERMINATION OF FERTILIZING INGREDIENTS IN WHOLE FRUIT. 


Preparation of the samples.——For this work the whole fruit was 
quartered, an upper and a lower quarter were peeled and squeezed 
for the tests already explained and the other two quarters were 
passed without peeling or pressing through a chopping machine. The 
fruit was thus converted into a pulp containing skin, juice, seeds. 
and all. The whole was then weighed, and dried at 80° to 100° C., 
in a large air oven, and the loss in weight determined. The drying 
process was continued until the dried residue could be easily ground 
in a mill to a coarse powder. The powder thus obtained, which 
resembled ground roasted coffee, was preserved in wide-mouthed 
glass jars tightly closed. In the samples so prepared, the following 
determinations were made: 
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DETERMINATIONS. 


Nitrogen.—Nitrogen was determined by the regular Kjeldahl 
process in 10-gram samples. 

Phosphoric anhydride was determined in the ash, by dissolving 
in agua regia, and following the volumetric method outlined in bul- 
letin 107 of the Bureau of Chemistry, U. S. Department of Agri- 
culture. 

Potash.—Potash was determined in the ash according to the 
following method: <A portion of ash corresponding to 5 grams 
of sample prepared as described above was boiled for one-half 
hour with 100 ce, to 150 ec. distilled water. The solution ob- 
tained was made alkaline with ammonia and treated with am- 
monium oxalate, without filtering. The solution was made to a 
volume of 200 ce, passed through a dry filter, and an aliquot 
of the filtrate taken. The aliquot was evaporated to dryness after 
the addition of 1:1 sulphurie acid, the residue burned to destroy 
organie matter and expel ammonia, the white residue taken up 
with water, and the solution treated with barium chloride to re- 
move sulphates. The precipitate was filtered off, and washed. The 
filtrate and washings were received in a silica dish, treated with 
perchloric acid, and evaporated on the water bath until white fumes 
were given off. The residue was then taken up with 95 per cent 
alcohol, thoroughly washed with alcohol by decantation, passed 
through a Gooch erucible, washed again in the crucible, dried at 
120-130° C. and weighed. Hot water was passed through the cru- 
cible, and then 95 per cent alcohol, the erucible dried once more 
at 120-130° (., and then weighed again. The difference between 
the first and second weighings represents the potash as potassium 
perchlorate. By multiplying the weight of the potassium perchlo- 
rate obtained by 0.340, the actual potash was obtained.’ 

Ash.—The ash was obtained by burning the material to whiteness 
in a muffle furnace, well regulated to avoid loss of alkalis by vola- 
tilization. 

Moisture.—The moisture in the prepared sample was determined 
by heating in a flat German-silver dish, to constant weight in an 
oven at 110° C. f 

Taking into account the moisture content of the prepared sample 
and the loss in weight sustained by the sample during the process 


tThis method was followed because it was very hard at the time to secure chloroplatinic 
acid, which would have been preferred as a precipitant by the writer. 
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of preparation, the results obtained were calculated back to the 


whole fruit. 
ARRANGEMENT OF DATA. 


The data will be presented mostly in tabular form, with oc- 
casional graphs based on the tables given. The discussion will be 
by subjects, taking up each of the points to be proven in succession, 
and grouping together all the data necessary to make clear the point 
under discussion. In grouping the data appertaining to each sub- 
ject, however, they will be presented, as far as possible by seasons. 
The method of averages has been freely used, but all figures for 
individual cases are also given, so that the degree of variation may 
be better appreciated. 
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Part I. 
NATURAL CHANGES. 


By the study of these changes, an effort will be made to deter- 
mine the following points: 

1. Whether grapefruit may be considered matured before the 
ratio of total solids to acids in solution in its juice reaches 7. 

2. What is the time of the year when grapefruit reaches the 
aforesaid ratio of 7 under our conditions. 

3. To find out whether there is any difference among the varie- 
ties cultivated in this country in regard to the points noted above. 

4. To gain some knowledge as to the proportions of fertilizing 
ingredients present in the fruit at different stages of its maturation 
period. 


SEASONAL CHANGES OF GRAPEFRUIT. 


In order to obtain the necessary knowledge to settle the four 
points at issue in this phase of the investigation, it was found 
necessary to find out first of all what changes were undergone by 
the fruit when left on the tree under natural conditions throughout 
the harvesting season; hence, the biweekly analyses of samples 
picked from trees selected in different localities representative of 
the fruit district of the Island. In this study the ‘three varieties of 
grapefruit almost exclusively planted in this country received sepa- 
rate attention so as to be able to make comparisons between their 
respective behaviors. The three varieties referred to are the ‘‘Tri- 
umph’’ the ‘‘Marsh’s Seedless’’ and the ‘‘Dunean’’. Of all, the 
Dunean is the most popular, followed by the Marsh’s Seedless, while 
the ‘‘Triumph’’ is very little planted. 

This work was continued uninterruptedly from September, 1916, 
to February, 1919; that is, through three consecutive seasons. Dur- 
ing the first season, 1916 to 1917 (work conducted by Mr. Cady). 
the three varieties were studied; during the next season, 1917 to 
1918, only the ‘‘Marsh’s Seedless’? and the ‘‘Dunecan’’ received 


attention, the writer being convinced that no more data were neces- 
15 
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while during the last season, 1918 


sary to judge the ‘‘Triumph,’’ 


to 1919, only the ‘‘Dunecan’’ variety was used, as enough data were 
already on hand about the ‘‘Marsh’s Seedless,’’ and enough infor- 
mation had been accumulated for the purposes of a comparison. 
Besides, the Duncan being planted almost universally, was chosen 
exclusively for the tests of this year, to simplify matters. 

The results of the analyses, hy seasons, varieties, and trees, are 
given below in tabular form, for each season and each. variety sepa- 
rately, with proper comments in each ease. Upon the facts thus 
revealed, conclusions as regards the points enumerated will he 
drawn in a further discussion of the data. 


SEASON 1916 TO 1917. 


Trees were selected in different groves, and every fortnight 10 
to 12 fruits were picked from each one of the selected trees. The 
samples so picked were all analyzed in the same day and ‘by the 
same methods. These trees were set aside by the owners of the 
groves, and no fruits, except the samples, were picked from them. 
This gave the investigator the chance to choose his fruits to suit 
his ideas. In this instance the fruits were chosen so that they would 
be, as far as possible, from the same bloom. 

Following will be found a list of the groves in which trees were 
selected for the biweekly analyses above referred to, and analyses 
of the soils on which they stood. 

The discussion as to the relations which exist, if any, between 
kind of soil and composition or behavior of fruit, will be deferred 
for the present, to the time when this phase of the problem comes 
under consideration. 


Trees Selected for the 1916-17 Work. 





Grove Location of grove Owner or Manager Tree 
(Variety) 
A sisdsadsaueet PRG VIB ii ccs siwenaancnes PERPMOUG danse aicvaneuncrceces Duncan 
Triumph 
__ SEE er pee WE ons nine vecnssicerceas POT Bi TIE oe a oiiinccaeeann Duncan 
H Marsh's Seedles 
PA aedinaneceans PUODIO VIGO 6655 cc scavesevensss PMP DUBBAM 35 ...6o0'sc casenee Duncan 
ere as SS ucaleen PRBS SOOO ica on bss cvicacectwanen BET. PICUCHED ......05.65 000. Becess Duncan 
aRewew wads venses Trujillo Alto..... rials ecg'a eaisrevenia PRU MAMMALS ies eis o's lngtieesciresies Duncan 
ReGuune nese NINN aicsckcsaceascbaasamen bE POON coca siecessccrescs Duncan 
BGe Cerise toa Sa IIR ihc aiatnnsstenuice noes eae POL. PATE RUTSE ooo. ccc cccceses Dunean 
Mee icieiaterae nin;b0 56 PUCCIO VIO}O s:6565.00:c0ceeeciencies PC 5 5's hiss tieia siainare ss ereniae Triumph 
L RO PICUIOY: .ccsccs csacéeorees | Mr. Scoville:................06. Marsh's Seedles 


WOR BIUIR:, 5. .casauiscisics ese vices | Mr. E. D. Stevens .............. Duncan 





























































NATURAL CHANGES. 
5 COMPOSITION OF SOIL IN WHICH EACH T'REE STOOD. 
e 
Soil samples were taken from around the base of each tree, and 
analyzed with the following results: 
lM Soil taken from near test grapefruit tree in Grove A, March 1917. 
“*Sandy Loam.’’ 
e Reaction —~------ a ih a Os rt al eae 
Rasolable meatier ...2:2-.. =. <-o __-. 85.66 per cent. 
\- ‘ = 
BrOn Qn Siew 8 ae ee - 9.70 per cent. 
s 107151, ee ENON Arann aps eS eye er 0.05 per cent. 
e Magn6st) 425 co a a ee None. 
Phosphome: aGitss.2. 524k ss ceene le ee 0.13 per cent. 
Petash). 2. aoe oe ee 0.100 per cent. 
Witrogel 0 = os oa cee Ee en eS 0,050 per cent. 
) Soil taken from near test tree ‘* Duncan’’ in Grove B, near Vega 
Y Baja, March 7, 1917. Red clay loam. 
C RBAGHON: cca sceuss S25 Bese cc cae sans 
a Rnsolable: matter <a... 222) -=..5. 2 -.--. (4.45 per cent. 
Fron. and aluminag—==. =. 2—.~==< anainssuce= eS perceenr 
Baie) ee ee eae . 0.35 per cent. 
Maomodig. 25 6 soe ee eek Trace, 
l NS BE i cicinctinrtaoneaiaeiadine 0,191 per cent. 
ROtQHhS 22 oe ol ee ee ee eee 0.009 per cent. 
D0) :) | eee cee ever 18 (1 ici tiGil - 
? Soil taken from near test tree ‘* Marsh’s Seedless’’ in Grove B. 
i Red Sandy Clay. 
L MGSGHON: <2 2s os oes Se owas ccae aaa Acid. 
| ; mnsoluble: matters — == ee 81.80 per cent. 
: ' Tron and: aluiiias- 2.2252. 5 a 11.50 per cent. 
; 
PaMep cess. Sesh tee ee ee eee 0.30 per cent. 
WeaenGsig) os ecce oleae Sinn ne eee Trace. 
PRodphome- atid. 22-22. s.r 0.191 per cent. 
OR as Se ek oa eee 0. 0097 per cent. 
INDWOUBN a occas out tooes oe ee 0.101 per cent. 


Soil taken from near test grapefruit tree in Grove I. 
** Sandy loam.’’ 


MBGCHON S54 solo. See ee Acid. 

Insoluble: residue... 6s es ee 88.21 per cent. 
cron and alwmiae=- = ea 5.70 per cent. 
NGS 5 one oe ee ee ae 0.20 per cent. 
WER ONGSIGh 52 he eee None. 

Mhosphorie acids 2.2 =. - 2 eae e ae 0.191 per cent. 
PObaeD 2 oe ae eo oe eect 0, 039 per cent. 


UGE O00 faa oe oe eee 0.112 per cent. 
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Soil taken from near test tree in Grove E, March 26, 1917. 


Reaction =.......- See enna eee one conae nes 

Se TINRUDBY on ee ee 72.51 per cent. 
Iron and alumina--_----------- auaceccoca= 12.40 per cent. 
BNE eros = Pe ee eee Sate 6.40 per cent. 
LO eae nae ee reer aera eae 0.47 per cent. 
Phosphoric acid_-.------ seers ausasa=---- 0,606 per cent. 
Rita eee a Se eee ee ee eee __. 0.097 per cent. 
REIN eas ee ie ------ 0.168 per cent. 


Soil taken from near test tree in Grove G, March 18, 1917. 


Clay soil ‘‘very hard.’’ 


Reaction ~---~-- Se Se Pena Pa ey Se en Acid, 

Ennoite vesique. 2562.52 54 55-325 - 62.60 per cent. 
fron and alumina ...-.--=-—-=- +--.-.-==- 19.92 per cent. 
LON ae ee a ap ee Hoteecocuusa O;ia percent. 
Magnesia ie Rian Satie ae Tae ka aes eh 

Bhosnionesatid-- 2.542 el el per cent. 
Rantoeh ee he ee ee Or ean. 
Nitrogen ..._--- Siesesose =.-..-: 0.168 per cent. 


Soil taken from near test tree in Grove T, near Bayamon, 


February 9, 1917. *‘Sandy loam.”* 


Acid. i 


Reaetion ~-—- : ee 


Insoluble matter- Be de aero sess Ole Sper eent. 
Iron and alumina _-_-. see sa 6.70 per cent. 
Lime See ee fates 0.10 per cent. 
Magnesia a cc ir ee ah 


Phosphoric aeid Ee a bres Peet - — 0.35 per cent. 
! } 


Potash = ener awunawcws= (ONOHD gper<cent. 
Nitrogen —-- ee aso wcoieuns) O;U21 percent. 


Soil taken from near test grapefruit tree in Grove J, vear 
Bayamon, March 7, 1917, ‘*Sandy soil.’’ 


Acid. 
90.08 per cent. 


RBenchion 2... =. Se ee Cg ey Sen ee 


innings tenet 258 oases oe 
e 5.70 per cent. 


0.14 per cent. 


Tron and alumina_-_------ wi paar, settled 


RR os Sane ee see eee : 
MeINONIR 222252 = None. 
Phosphori¢ acid_-...._.---=-=.— ~----------- 0.191 per cent. 
GME tee oe Sk eas _. None. 


RIO eee ee ae aot as Se 0,214 per cent. 





The analyses 
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Soil taken from near annual test tree ‘‘Triumph,’* Grove K, 


** Reddish clay soil.*’? March 20, 1917. 


ReachiOni 220" 4.6 natal ee 
Insoluble residue..__----------------------- 65.40 per cent. 
Tron and alumina —~~--~-- pee 19.50 per cent. 
Danes G8 oo os Se eee eee 0.20 per cent. 
Mene@hatar == 20 552222 > eee so Sg = eee aed None. 
Phosphoric acid eee ler te tee eee 0.191 per cent. 
Pathely 225 ee oe eee Trace. 
NORE 023 = 8 eee 0. 168 per cent. 


Soil taken from near test tree in Grove L, March 26, 1917. 


** Sandy Loam.’’ 


Reaction Se ee Sark bg eke beans: Ca tec ioen lS Teerd Aeid. 
lusoluble residue pct er eee 87.11 per cent. 
ran andl Renna 5 SS a ee 8.40 per cent. 
Rime. 5 2 5 a ee ee 
MIR INORE Boo 2a oe ainctabaiinaeiaadiaa None. 
Presphomie nei. =-) 2-551 6 0.191 per cent. 
Potash : : ae ait Sa22-5 None. 
Nitrogen . peesceay : 0.112 per cent. 


Soil taken from near test grapefruit tree in Grove N, 


March 7, 1917. 


insoluble residue omer pepe : 87.94 per cent. 
Tron and alumina : 6.49 per eent. 
Lime : - = __.-- 0.30 pér cent. 
Magnesia __ Bae a sag aes era ee 

Phosphoric acid—- writin aut BEeee tween, Oe pete Cees 
Nitrogen sled ie ob See eee eee 0. 097 per cent. 
Potash eee ee mene eemm nr) A) yi 


of the different samples of fruit are presented below 
in tabular form for each tree and for each variety. 
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From the above tables of individual tree records the averages of 
all samples picked on the same date were found, and tabulated as 
shown below: 


Showing the Mean Composition of Fruits Sampled from Eight Different 





DEPARTMENT OF AGRICULTURE, 


TABLE 9, 


Groves on Specified Succeeding Dates. 


, hes = 

Date picked @ BO es 

oo asl 

eS 23 
September 25... 6I1L.5 28.06 
October 6...... j8t 29.65 
October 24......' 617 28 60 
November 3... 583 27 49 
November 21... 582 26.27 
December 8....) 596 29 96 
December 29.... 665 27.58 


January 22...... 580 28.39 


Averages for the 602.31 28.95 
season 


The averages representing the mean composition of the fruit 
for each individual tree for the season, have been grouped together 
as shown in the following: 


| Per cent 
juice 
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pad bed ° no ~~ 
n¢ <= ~ 
Sf = ($22 $8 
25 5 [eal Ba 
8.4 1.36 6.2 2.98 
85) 1.36 5.1 | 2.84 
8.5 1,20 6.3 3.05 
87} Lie 72 | 2.95 
8.6) 1.19 7.3 | 8.29 
9.2! 1.14 7.5 310 
8.9} Ll 8.0 3.38 
8.8| 1.15 7.6 | 2.78 

















sugar 
vert sugarto 


Cane sugar | 
Ratio of in- | 
cane sugar | 


Total 
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| 
8.7/ 1.205) 7.28 3.045| 5.258! 2.102] 1.448 
| 








a 
ca) 
ies) 
Zi 
< 
en) 
Oo 
- 
Pol 


360'S 
&3'°E 
L86°% 


TIT MAG O 
Ck hahaa! 


NATUR 


zu 





raconrmwnsd 
ANAAA ES Or 


L°693'93 











asolonus swBis 

sayot 
01 18308 iedns seyouy 
WeAUL | 8UBDO 


JO ONBY 


; voopnt uy xoq Uy UPS JO uy WY STaa\ | gaory 
| qued 18q | dod yngy | yue0 Jed |. i ph Ei bad pee : 
JO ISTO pea ah ade, 


PPV 


WAC 
SB ABZUS 
1B10.L 


pos 
0} Spljos 
JO O1F8Y 


aornt 
UESPITOS 


IBsus 
JIaAUT 


(9113]9) 




















(snoipsque) 





“(LIGI-9I61) “iayg NvoNnad 
‘MOsteg oY} OJ 9eTZ, YOR 10J 4MIZ Jo uowsodu0g uroyy Surmoyg 


‘OL GIadvyyL 








s of 
as 


1BSNS auRdD m= row! 
» OLARANE W194 Tem Best 


—s p—4 ok hae ite 


4 
1.418 


it 
er 











JOURNAL OF THE 





DEPARTMENT OF AGRICULTURE, 


DISCUSSION OF RESULTS. 


A discussion of the figures presented, now follows. The discus- 
sion will be by topies and very brief, with the sole purpose of brin- 
ging out the salient facts as revealed by this set of tables. . Each set 
of tables for the different varieties and seasons will be successively 
taken up in the same fashion, and after each set has been discussed 
separately, a general discussion, establishing the proper relations 
will be given. 

For convenience in the discussion the individual trees will be 
referred to in this particular instance by the letter designating the 
erove where they were located. 


DUNCAN, 1916-1917 


Size-—See tables. Out of 53 samples picked and measured, 
seventeen gave an average size of 46, fifteen sized 54, nine were 64’s 
and five were 36’s. The rest were distributed one apiece between 
sizes ranging from 80 to 40. As seen, the sizes ranged mainly 
between 36’s and 64’s, the most common being 46 and 54. 

The size of the fruit was not affected in any fixed manner by 
the date of picking, within the limits of time set forth in the tables. 

Weight.—The average weight per fruit fluctuated, naturally, as 
the sizes, although it differed even for fruits of the same size. Con- 
trary to expectations, higher averages of weights per fruit were as- 
sociated with lower contents of juice for the same size of fruit. 
Take, for instance, the samples of the trees on grove A, picked on 
October 23, November 3, and November 21, all of size 54. Their 
percentage of juice increased in the order mentioned, while the 
average weight per fruit decreased in the same order, there being 
a difference of 102 grams per fruit between the first and last, in 
favor of the first. Again in the samples picked from tree B on 
October 6, November 3, December 29 and January 18, all of average 
size 64, it may be noticed that the second sample, with a higher 
juice content than the first, shows a smaller weight per fruit, while 
the fourth sample, with a lower juice content than the third, shows 
a higher weight per fruit. This in spite of the fact that the solids 
in juice are higher in the second sample than in the first and lower 
in the fourth sample than in the third. 

In the samples picked from tree D, all of size 54, the first sample, 
with the lowest juice content of all, shows the highest weight per 
fruit while the last with the highest juice content of all shows much 
lower weight per fruit than the first. The second and third samples, 
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NATURAL CHANGES. 


with about the same juice content, exhibit very nearly the same weight 
per fruit; still, the slight difference there is, is in favor of the fruit 
with the lower juice content. In the last two samples, size 54 of 
tree G: in the second, third, and fourth samples of tree I, size 46: 
in the first four samples of tree J, size 46; and in fact, in prac- 
tically every instance where fruit from the same tree and of the 
same size are compared, the same relation exists. 


It seems, then, that the weight per fruit changes in a direction 
opposite to the juice content, independent of the solids in solution 
and of the ratio. Turning now to the tables of averages (see tables 
9 and 10) we find the same relations to exist in a general way. 

Taking the weight of fruit per box, to obviate the differences 
due to sizes, we find again that no definite tendeney can be detected. 

Per cent juice.-—The general trend of the changes in juice content 
is toward an increase as the season advances. In some cases there 
may be a little fluctuation, but there is always a perceptible tendency 
to increase, while in many instances the increase is shown without 
interruption. This may be seen from an examination of both the 
individual tree records and the tables of averages. (See tables 
No. 1-10.) 


In tree A, except for a slight break in the sixth sample. the 
figures show an uninterrupted chain of increases, and even the 
sample just excepted shows a higher juice content than any of the 
first three. The last sample is the highest in juice, and contains 
15.33 per cent more than the first, which is the lowest. The average 
juice content of all the samples contains 6.08 per cent more juice 
than the first sample. 

There is some fluctuation shown by tree B, but the general trend 
is upward, as shown by the fact that the average of all the samples 
comes up higher than the first by 2.10 per cent. 

Tree D shows a practically continuous increase. The same is true 
of tree E. Trees G, I, and J show fluctuations but in every instance 
the average is higher than the content of the first sample. 


It is only in tree N that the tendency to increase is not clearly 
shown; however, the last three samples in this tree are higher each 
than any of the preceeding ones. 

The table of averages shows the tendency of the per cent juice 
to inerease very plainly. All percentages are higher than the first, 
and the average of the last four figures is higher than the average 
of the three figures immediately preceeding them, which follow the 
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first in succession. Besides, the average of all figures is higher than 
the first by 4.15 per cent. 

It may be stated, then, that the per cent juice increases as the 
season advances. 

The average for all of the trees for the whole season was 43.57 
per cent. (See table 9.) 

Per cent skin.—No regularity can be detected in the variations 
of this factor. However, there is a slight tendency to increase as 
shown by the averages of the different trees. The table of averages 
(No. 9), on the other hand, shows this item to be rather constant 
throughout the season. 

Thickness of skin.—The tlfickness of the skin fluctuates between 
somewhat narrow limits. The average for each individual tree is 
usually equal to the thickness shown by the first sample, or slightly 
less. In general, then, it may be said that the thickness is rather 
constant, tending to a very slight diminution as the season advances. 

Per cent solids in juice—Out of the eight trees tested the aver- 
ages for the season were less than the first figure in three instances, 
ereater in three other instances and in the remaining 2 samples it 
was equal. This makes the solids practically constant. However, 
in the table of averages of all trees for the season a slight tendency 
to increase is manifested both in the figures given for the succeeding 
dates and in the total averages (see table 9). 

From the table of averages it may be seen that the lowest aver- 
age for any date was 8.4 per cent, the highest 9.2 per cent, and the 
total average 8.7 per cent. 

Per cent acid.—The per cent acid diminishes very perceptibly 
as the season advances. In every tree considered the average for the 
season for the tree is lower than the content shown by the first 
sample analyzed. Not only this, but with very few exceptions all 
the figures following are lower than the first. In the table of aver- 
ages there is a continued, uninterrupted falling down in the per- 
centage of acid, the only exception being the very last figure which 
is slightly higher than the two previous ones. The average of all 
the figures given for the different dates is also lower than the first. 
There is no question, then, that the percentage of acid decreases as 
the season advances. This shows that as Collison? found out in 
Florida, most of the acid, if not all, is formed at the beginning of 
the season. 

Ratio of solids to acid.—As it was to be expected from what has 
been said in connection with total solids and per cent acid, this ratio 
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increases very perceptibly all through the season. Only in case of 
tree A are some fluctuations noticed, and even here the general tone 
is upward as shown by the fact that of the seven figures following 
the first, four are higher than the first, as is also the average for the 
season. In all the other trees, all figures after the first are higher 
than the first, and of course the average ratio for each tree for the 
season is higher than the ratio shown by the first sample. 

There is no question, then, that the ratio of solids to acid inercases 
as the season advances. 

Of the eight trees tested, four made an average ratio of more 
than 7 for the season (see table 10). Of those that did not average 
7 for their ratio, 3 came within less than 0.3 of making it. ‘Tree 
A, which averaged only 6.455, never showed a ratio of 7, although 
it came up to 6.9 on November 21. Of the 7 remaining, two showed 
a ratio of 7 in October, 3 in November and 2 in December. 

Color.—If we notice now the color of the fruit in connection with 
the ratio we will find— 

1. That there were 10 samples marked ‘‘G. Y. T.”’ (green, yellow 
tinge) which ranged in ratio from 5.6 to 9.7, and showed an aver- 
age ratio of 6.96. > 

2. There were 8 samples marked ‘“‘G. S. Y. T.’’ (green, slight 
yellow tinge). These samples ranged in ratio from 6.2 to 8.0, and 
their average ratio was 7.12. 

3. Three samples were marked ‘‘G. Y.’’ (greenish yellow). The 
ratio for these samples ranged from 7.2 to 8.1 and came up to an 
average of 7.56. 

4. Seven samples were marked ‘‘Y. G.’’ (yellowish green) and 
ranged from 6.2 to 7.8 in ratio. Their average ratio was 7.11. 

5. Seven samples were marked ‘‘Y. G. T.’’ (yellow, green tinge) 
and ranged in ratio from 6.1 to 9.3, and showed an average ratio 
of 7.53. 

6. Seven samples whose color was determined as ‘‘Y. S. G. T.’’ 
(yellow, slight green tinge) showed a minimum ratio of 6.0, and 
a maximum of 8.6. The average ratio for this group of samples 
was 7.37. 

If the color of the fruit is to be taken as a prominent factor in 
determining the ripeness of grapefruit, then certainly the fruit here 
reported reached a ratio of 7 before they were perfectly ripe. Only 
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the first lot of samples noted, marked ‘‘G. Y. T.’’ (green yellow 
tinge), fell below the ratio of 7 in average, and even in this case 
the average shown, 6.95, is practically 7, and may be considered 
as 7 for all practical purposes. In this same lot of samples ratios 
larger than 7, going as high as 9.7, were obtained in individual 
samples. In all the other cases, in none of which was the fruit 
perfectly yellow, and in most of which the green predominated, 
the average ratio was greater than 7, and ratios above 8 were reached 
in many instances. 

Per cent sugar.—Within the limits of the ratios exhibited by the 
samples examined, the total sugars remained practically constant, 
with perhaps, a very slight tendency to inerease. Thus, out of the 
eight trees tested, the averages for the season for three of the trees 
(see table 10) were lower than the per cent shown by the first sample 
analyzed, 4 trees showed averages higher than the per cent found 
in the first analysis, and in one tree the two figures coincided. The 
minimum average found was 4.54 per cent total sugars, for tree 
A, in which the ratio never reached 7. The highest average was 
5.933 per cent total sugars for tree G, in which the average ratio 
was 7.58. If we arrange the average ratios for the season for the 
different trees in ascending order, and opposite them write the 
per cent of total sugars, the fact will be revealed that the tot:' 
sugars increase in a general way with the ratio, although the varia- 
tion is not a regular one. 








Tree Ratio Total sugars 
a ac — <= a css 
| 
6.450 | 4.54 per cent 
6.757 | 5.21 per cent 


775 | 5.47 percent 
5.32 per cent 
| 5.87 percent 
590 | 5.488 per cent 
| 5.953 per cent 
686 | 5.320 per cent 
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Tlowever, it may be noticed that the increase is continuous until 
a ratio approaching 7 is reached, when the fluctuations begin. This 
shows that the differences noticed among the various samples having 
a ratio of 7 (more or less) are due to individual tree variations, and 
that the formation of sugar ceases or proceeds at a very slow rate 
when this ratio is reached. This is a very strong point in favor 
of the assumption that this fruit is mature when it reaches a ratio 
of 7, and not before. . 
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The table of averages bears out all of the above statements. 
Turning now to invert sugar and sucrose, and taking the average 
for each tree for the season (see table 10). Let us arrange the ratios 
of solids to acid again in ascending order, and opposite each ratio 
write their corresponding percentages of invert sugar and sucrose 
thus: 


7 > j j > 
| Invert sugar Sucrose Ratio invert 


Ratio 
solids to acid j sugar to sucrose 
eo 

6,45 2.86 1,787 
§,76 3.08 1.517 
6.77 | 8.23 1.517 
6.89 2.89 1.251 
7.18 3.34 1.320 
7.39 3.09 1.386 
7.57 3.56 1.570 
7.68 2.98 1.340 





It may be noticed that the sucrose increases steadily until the 
ratio 7.18 is reached, and henceforth it decreases. The invert sugar 
increases almost continuously, except for only one break, in the 
fourth figure from the top of the column; however, all figures 
after the first are higher than the first. Moreover, the average 
of the last three figures for invert sugar, 3.21 per cent, is higher 
than the average for the first five figures, 3.08 per cent. This 
tends to show that the sucrose increases until a ratio of 7, more 
or less, is reached, while the invert sugar increases continuously. 
Coupling these facts with the observation previously noted, that the 
total sugars increase until a ratio of 7 is reached, the conclusion may 
be drawn that after a ratio of 7 obtains, inversion of the sucrose 
and decomposition of invert sugar begin. This is again a very 
strong argument in favor of considering a ratio of 7 as indicating 
maturity of the fruit. 

Summarizing the above comments, we have that the Duncan 
grapefruit analyzed from September, 1916, to February, 1917, 
showed the following characteristics : 

1. The size of the fruit was very near 54. 

2, Their average weight varied between 450.8 and 659.0, the 
average for the season being 602.31 grams per fruit. The weight 
showed slight and irregular gains, especially if the weight per box 
is considered. The unexpected observation was made that among 
fruits of the same size, those with a lower percentage of juice exhib- 
ited more weight per fruit than those containing more juice. 
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3. There were not great variations in the juice content among 
the different trees, all fluctuating between 42.26 per cent and 45.74 
per cent, with the exception of one tree, which had only 38.88 per 
cent. The juice increased, but to a very small extent, the range 
among the averages for different dates being 39.42 per cent to 45.15 
per cent, the average for all the trees for the season (see table ‘) 
being 43.57 per cent. 

4. The solids contained in solution by the juice ranged among 
the trees compared between 8.05 and 9.37. The solids were practi- 
eally constant for a given tree, with a very slight increase as the 
season advanced. The average for the whole season, for all the 
trees, was 8.7 per cent. 

5. The acid decreased steadily and visibly all along the season, 
the range being from 1.36 to 1.15 (see table 9), and the average for 
the whole season 1.203. The variation among trees, if tree N is 
excepted, is very small, thus exhibiting much uniformity. 


fod 


6. The ratio of solids to acids averaged less than 7 in four trees, 
A, B, C, and J, and more than 7 in the other four. It increased 
steadily all through the season, going up to 8 on December 29th. 
The average for all trees for the season was 7.23. All of the trees, 
except tree A, reached a ratio of 7 during the course of the season 
between the extreme dates of October 5th and December 29th. The 
highest ratio reached by tree A was 6.9 on November 3rd. The 
average of all the trees came up to 7.2 on November 3rd. 

7. The total sugars increased until a ratio of 7 was obtained. 
From this point on the sucrose suffered inversion, and no constant 
increase in total sugars could be noticed. The invert sugar increased 
continually. The averages for the season were 5.258 for total sugars, 
3.045 for invert sugars, and 2.102 for sucrose. There was not much 
variation among the individual trees (see table 9), the total sugars 
specially showing uniformity. The inversion of sucrose after a 
ratio of solids to acid of 7 is obtained, is unmistakebly shown. 

8. The per cent skin and the thickness of skin changed in a 
very irregular fashion, and the latter item only between very nar- 
row limits. Between the ratios that obtained, they may be con- 
sidered constant. 

9. The invert sugar content has been higher than the sucrose 
content in every case. 
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All of the above observations point strongly to the conclusion 
that the juice of Duncan grapefruits contains a ratio of solids to 
acid equal to at least 7 when they are mature. They seem to reach 
this stage by the first week of November. 


MARSH'S SEEDLESS, SEASON 1916-1917 
The composition of the fruits picked on sueceeding dates from 
four trees of the Marsh’s Seedless variety are given below for each 
tree in tabular form: F 
INDIVIDUAL TREE RECORDS. 


Mean composition of fruit for tlhe whole season, per tree and on 
succeeding dates: 
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DISCUSSION OF RESULTS OBTAINED WITIL MARSH’S SEEDLESS 
(1916-17). 


Weight and size—Tree B. The tendency is to increase on the 
part of the weight: this is shown both by the weight of the in- 
dividual fruits and by the weight per box. Notice that the first 
and last samples collected are both size 54, and that the weight 
per fruit of the first sample, which contains a higher per cent of 
juice is less than the weight per fruit of the second sample, with 
a lower juice content. This confirms observations made on Dunean 
fruit. 

The size of the fruit is variable. 

Tree L.—<Again a tendency to increase in weight is noticed, es- 
pecially among the figures showing weight per box. The samples 
picked on October 20, November 14, November 21, and January 24 
are all of size 54. On inspection of the table it will be found that 
the samples with less juice show the greater weight per fruit. 

The size of the fruit is tolerably uniform. 

Tree M.—A slight tendency to increase in weight as shown by 
the weight per box. Compare the samples picked on November 3rd, 
November 21st, December 29th, and January 18th, all of size 54. 
The samples containing the most juice show the lower average weight 
per fruit. 

Tree N.—There is much fluctuation. 

Again, if fruits of the same size are compared as to weight, the 
larger weights are shown by the fruits having the smaller percent- 
ages of juice. Compare for instance the samples picked on Nov- 
ember 21st and December 8th, both of size No. 54, and the samples 
picked on October 23rd, with that picked on December 29th, of size 
No. 64. 

The table of averages shows an increase in weight per box as 
the season advances, but fails to support the assumption that higher 
weights per fruit are associated with lower juice contents. 

The Marsh’s Seedless, then, shows a tendency to increase in weight 
as the season advances, as shown by the weight per box. They, too, 
as the Duneans, appear to have more weight when the per cent juice 
is lower, if the comparison is made between fruits of the same size 
and from the same tree, but this is not uniformly so. 

Per cent juice.—The tendency is to inerease in fruits that have 
not reached yet a ratio of 7, as instanced by tree L. The first three 
samples picked from this tree averaged a ratio of solids to acid of 
6.33 and their average juice content was 45.35 per cent. The last 
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four samples had all ratios larger than 7 averaging 7.35, and their 
juice content was 49.50 per cent. Not only this, but in the first 
three samples each increase in ratio was accompanied by a corre- 
sponding increase in juice. After the ratio of 7 is.attained, the in- 
crease is not so regular, and the variations show considerable flue- 
tuations, although the range is rather upward than downward. 

The table of averages of all the trees through the whole season 
support the above couclusions (see table 15). Thus the averages cor- 
responding to October 3-6th, October 20th-23rd and November 
3rd-14th, all have correspanding ratios lower than 7 (an average of 
6.58), and the juice percentages corresponding to them average 
only 42.44 per cent. The rest of the average ratios are all higher 
than 7 (an average of 7.371) and the corresponding juice contents 
range from 41.72 to 49.90, averaging 46 per cent. 

The juice in the Marsh’s Seedless increases with perceptible 
regularity as the ratio of solids to acid increases, until a ratio of 7 
is reached. Beyond this ratio considerable fluctuation occurs. This 
seems to point to the assumption that the Marsh’s Seedless fruits 
reach maturity when they show a ratio of 7. 

Per cent skin.—The skin decreases fairly steadiiy until a ratio 
of 7 is reached. Thereafter considerable fluctuation is noticed. 
With few exceptions the higher percentages of skin correspond with 
lower ratios. In tree B the first sample picked with a ratio of 6, 
had the highest percentage of skin, 28.07. Among the rest of the 
samples, all with ratios above 7, fluctuations occurred. 

In tree L, the first three samples show ratios below 7, ranging 
from 5.9 to 6.6 with an average of 6.33, and their content of skin 
ranges from 33.23 per cent to 30.30 per cent with an average of 
31.58 per cent. The succeeding samples have ratios ranging from 
7.1 to 7.6 with an average of 7.35, and their percentages of skin 
fluctuate between 25.08 and 29.85 with an average of 28.02. 

In tree M, arrange the ratios of solids to acids in an ascending 
order, and write opposite to each ratio its corresponding per cent 
skin, thus: 


Ratio of solids Per cent 
to acids. skin. 
i rr nlp PO ese ial oe, Pe ke Se SP ee 37. 92 
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Ratios Per cent skin. 
ademas ta ee ee 38.17 
ER a i wg Ne a eee 33. 10 
(2 See a Pee Pee eee eae ee Re ee See Fh 32, 27 
a ee ae ee On nS RS ena eI pe Nee ee enters att 41.72 


Taking the averages of all samples with ratios up to and in- 
cluding 7.1, and of all those having ratios larger than 7 we get 35.51 
per cent for the former and 35.69 per cent for the latter. In this 
instance no difference appears between the fruits with ratios below 
and above 7. It should be noticed, however, that except for the 
two exceptional cases of the samples with ratio 7.1 and 8.1 the 
individual figures suggest a decrease. 

Tree N, does not show any fixed tendency, and the figures fiuc- 
tuate considerably. It should be noticed that all ratios here are 
larger than 7. . 

Coming now to the table of averages of all trees for the whole 
season, and arranging as before, the average ratios in an ascend- 
ing order with the corresponding percentages of skin opposite, 
we get: 


Average ratio of \verage per 

solids to acid. 7 cent skin. 
261 ae ee et Se ee a ee oe a an ees 31. 39 
te PR nee ep eee ere Sete ta nema seein: CR 
Oi oe a ee ee 30. 84 
(oR a Son anos Sees ace aee ee ae e ee 33. 10 
entree =v aia rat alla eae ea 
Ws Sas a Sn Ne a ie 5 Soe eo eee 
ete ets Sth a eee Ft eee tee ie Seeder eee 
(fa ai ebare ae Seeeareer ener oteid Soames emia 33. 81 
A. | Se bes ince ais atmedel = _ 34.05 
(|) (eee sth hs ct eal oe na esi a ee eae ss atts eare 29. 14 


Averaging the percentages of skin for all ratios below 7, a skin 
content of 31.04 per cent is obtained. The percentages of skin for 
all ratios above 7 average 30.90, thus showing a decrease as the ratio 
increased to 7. 

The percentage skin, then, though within rather narrow limits 
and in an irregular fashion, suffers a decline as the ratio of the 
fruit approaches 7. 

Thickness of skin.—After a ratio of 7 is reached no definite 
tendency is manifested. Before a ratio of 7 is reached, however, the 
thickness of skin diminishes as the ratio increases. 

Thus, in tree I the thickness for the first three samples averaged 
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8e”") while the thicknesses that follow, for fruits with ratios greater 
than 7, do not go beyond 9 32” and average approximately 14”. 

In tree M the samples with ratios below 7 average a thickness of 
15/32” while those with ratios above 7 average 14/32”. 

In the other two trees all ratios reach and go beyond 7 (except 
for one sample in tree B, which has a ratio of 6.7), and no definite 
tendency is manifested. Considerable fluctuation occurs. 

Turning to the table of averages for all the trees throughout the 
season (table No. 15), we find that the average of all the averages 
given for fruit with ratios lower than 7 is over 14/32”, while the 
average of all averages given for fruit with ratios higher than 7 
is less than 12/32”. There is, then, a tendency on the part of the 
skin to diminish in thickness as the ratios increase, which is chiefly 
noticeable before the fruit obtains a ratio of 7. 

Per cent solids in juice.—The solids for this fruit during this 
season may be considered as practically constant. In tree B an in- 
crease may be noticed, and so also in tree N, although. to a lesser 
extent. Tree M. on the other hand, as well as the table of averages, 
shows a diminution, while in tree L this item may be considered 
as fairly constant. These observations are in accord with those made 
on the Dunean fruit. 

The highest average shown for any tree was 8.7 for tree N, the 
lowest 7.225 for tree B, and the average of all the trees was 7.91. 
Among the averages of all trees for different dates, the lowest was 
7.20 on February 24th, and the highest 8.40 on December 8th. 
Evidently these fruits contain less solids in solution than the Duncans. 

Per cent acid.—Two things are to be noticed. First, that the 
per cent acid keeps on increasing until about November 21st. when 
it begins to decrease; and second, that, in general, the per’ cent 
acid varies in opposite direction to the ratio of solids to acids. That 
there is a very marked decrease in this factor is very plainly shown 
by the tables. 

In tree B the decrease in acid begins on November 21st, the 
average of the last three samples, 1.143 being lower than the first 
figure, and so also the general average. 

In tree I. the decline in acid content takes place after November 
21st, the average for the first three samples, with ratios below 7, 
being 1.166, while the average for the last four, with ratios above 
7, is 0.97. The total average is less than the first figure, and the 
decrease in per cent acid follows closely the increase in ratio. 
This close correspondency between decrease in acid and increase 
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in ratio is very strikingly shown, not only here but also by trees 
M and N. 

Thus, arranging the ratios in their ascending order and writing 
opposite each their corresponding acid contents, we have: 


TREE M. TREE N, 

Ratio \cid per cent Ratio. Acid per cent. 
5.6 Eee tees 1. 40 Potens ewe - 1,19 
6.0 3 1. 3S 125 - z 1.27 
Goa: t. 24 7.8 BAS - ees Fold 
6.5 ere ae E Ss or - 1. 22 4 Ges Jee eee . LS 
6. S_ Saieyes 1.10 S72 See B ad San 
GS. 1. 30 od) see epee : eee i!) 
ta = 20 9) 4. Peer etter 0.85 
7.5 -— : 0,95 

8.1 Pee . 06 


Turning now to the table of averages we find similar conditions 
established although fluctuations are more noticeable here. Arrang- 
ing as before: 


Ratios. Per cent aeid. 
so el ee eae 
eee hs eee Sg at ag ape 1. 225 
eh ae Be Rye ee ee 
WA a Sh Sak eA eae Ne 1. 060 
(AS See een ae ee eR Sewn Netra tre. _.. 1,067 
Wott a ae So ee ene stat bic ccs ss a a ae tan ene ee 1.110 
a nan me rar ws A ero 1. 100 
a piece be ates yak eg po ee ate _ 1.062 
Ns cae eee eee ane ae ee 
cf) — a Acres es Rees Gdisk hts wy ee eee hone aes ah 


The decrease is plainly seen, and needs no further comment. 

The per cent acid, then, decreases as the fruit matures and reaches 
higher ratios. Acid formation occurs only until a more or less defi- 
nite point in the development of the fruit is reached, after which 
no more acid forms. This point seems to be reached almost at the 
same time that the ratio of 7 is reached. 

Taking the averages of all the trees for different dates (see table 
15) the lowest acid content, 0.95 per cent, occurred on February 
24th, and the highest, 1.273, on October 3rd-6th. The average of 
all trees for the whole season was 1.117. This shows a lower acid 
content for Marsh’s Seedless during 1916-17 than for Dunean fruit. 

Ratio of solids to acids—This ratio undoubtedly increases con- 
tinuously until the ratio of 7 is fully established. Thereafter it con- 
tinues to increase, but rather slowly, and with some fluctuations. It 
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should be noticed that this established ratio of 7, comes about some 
time near the 21st of November, coinciding thus with the time when 
the per cent acid begins to decline steadily and without interruption. 

Tree B reached a ratio of 7 for the first time on November 21st, 
after which a ratio of 8 and one of 7 oceurred in the two succeeding 
samples. 

In tree L there is noticed a steady increase in the ratio, from 
5.9 on October 3rd to 7.3 onNovember 21st. after which fluctuations 
occurred with very slight gains. 

In tree M a ratio of more than 7 is obtained in the first sample. 
After this, a ratio of 6 which climbs up to 7.1 on December 8th is 
observed. The next two samples show ratios of only 6.8 each, after 
which the ratio does not fall below 7 again. It must be observed 
that for the three samples, corresponding to December 8th, December 
29th, and January 18th, the per cent acid (of 1.10) is the same. 
The ratios are all so near 7 that for all practical purposes they might 
be taken, as 7. As to the first ratio, of 8.1, it clearly indieates that 
the fruit composing that sample must have been from an earlier 
bloom. This is supported by other data as well: as for sample, by 
its color, which was yellow, with only a green tinge, while all the 
samples immediately following were green, with only a tinge of 
vellow, and also its content of invert sugar and of sucrose, which 
are higher and lower respectively than those following. This sample, 
then, in all fairness, should not be compared with the rest of the 
table. 

In tree N a ratio of more than 7 is established from the bhegin- 
ning, October 6th, and considerable fluctuation occurs. 

Turning to the average of all the trees on different dates. (see 
table 15), and discarding the figure for September 22nd, as this is 
the ratio of the first sample of tree M just described (no other sam- 
ple appears to have been picked on this date), we obtain a continued, 
uninterrupted increase in ratios, from 6.5 on October 3rd-6th up 
to 7.33 on November 21st. Hereafter all ratios show more than 
7, but the increase is very slight and some fluctuation is noticed. 

Color.—Again we find the green predominating, in spite of the 
fruit having reached a ratio of 7. It is only well towards the end 
of the season that the yellow becomes more prominent. than the green. 
This again emphasizes the fact that grapefruit here does come up 
to a ratio of 7 early enough in its maturation period to justify the 
application of the standard to Porto Rico fruit. Usually the fruit 
which is quite near the neighborhood of 7 in ratio shows up more 
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green color than yellow, and when the yellow color predominates 
the ratio is generally in the neighborhood of 8. 

This supports the view that the fruit comes to maturity when 
it has reached a ratio between 7 and 8, which is perhaps nearer 5 
than 7. However, in the Marsh’s Seedless maturity seems to come 
earlier than in the Dunean, judging from the fact that all signs of 
maturity, including color, appear earlier. 

The lowest ratio of solids to acid (average of all trees) was 6.15 
and oceurred on October 3rd-6th, the highest was 7.507, which oc- 
eurred on February 24th, and the average for the season was 7.08. 
These fruits reached the ratio of 7 pretty early in the season, but 
the ratios as a whole did not inerease much beyond this point. 

Per cent sugars.—Taking the averages of all trees for each one 
of the dates on which fruit was picked and arranging them in the 
ascending order of their corresponding ratios we obtain the fol- 
lowing columns: 

















Ratio | Total sugars | Invert sugars; Cane sugars 
Per cent Per cent Per cent 
4.97 p ALL 2.08 
4.82 2.52 1.48 
4.73 ___8..01 1.60 
(4.575) (2.766) (1.72) 
5.14 3.67 1.35 
4.39 3.20 1.57 
5.12 8.54 1.60 
5.08 2.96 1.95 
4.89 2.59 2.08 
__ 3,91 2.93 0.86 — 
(4,731) (3.081) (1.586) 














The columns above the first line represent samples whose ratios 
were below 7. while those following are for samples whose ratios 
were above 7. The figures in parenthesis are averages. 

The averages for total sugars have been calculated from those 
for invert sugar and sucrose. 

As seen, the total sugars and the invert sugar show an increase, 
while the cane sugar, or sucrose, shows a decrease. The increase in 
total sugars, however, has been very slight, this demonstrating that 
the increase in invert. sugars has been chiefly due to inversion. This 
statement is perfectly well proven by a simple calculation. 

The difference between the averages for total sugars is 0.156 per 
cent. The difference between the averages of invert sugar is 0.315 
per cent. Calculating the averages for cane sugar to their invert 
sugar equivalents we have 1.72 cane sugar equivalent to 1.809 invert 
sugar, and 1.586 cane sugar equivalent to 1.650 invert sugar. The 
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difference between these two invert sugar equivalents is 0.159. That 
is the cane sugar inverted is equivalent to 0.159 invert sugar. Out 
of a total increase of 0.315 per cent in invert sugar, 0.159 per cent 
has been due to inversion of sucrose. 

The difference between the total increase in invert sugar, and 
the increase due to sucrose inversion ought to approximate the in- 
crease in total sugars. In this instanee they are identical. Thus. 
the above referred to difference is 0.156 per cent (0.315 minus 0.159) 
and the difference in total sugars is, as noted above, 0.156. There 
is no question, then, as to the inversion of sucrose when the ratio 
of 7 is reached. This proves that the Marsh’s Seedless reach matur- 
ity when a ratio of 7 is present. This makes the Marsh’s Seedless 
reach maturity with a little lower ratio than the Duncans. 

Summarizing the results obtained for Marsh’s Seedless for this 
season we have: 

1. The weight per fruit is rather constant for the ratios and sizes 
examined. -Among the trees the average weights varied between 
459 and 530, the average of all being 509.78 grams. The average 
sizes varied among the trees from 52 to 59 the average of all being 
53. The average weight per box was 26.914 kgms., and showed 
a marked increase throughout the season. The trees varied among 
themselves from 25.387 to 31.001 kgms. per box. 

2. The per cent skin was rather constant and high, the average 
of all trees for the season being 30.98 per cent. There was no uni- 
formity among trees, the skin content varying from 24.31 per cent. 
the average for tree B to 35.57, the average for tree M. 

3. A fair percentage of juice was shown, the average of all trees 
for the season being 44.94 per cent. The trees varied in their aver- 
ages from 40.62 per cent (tree M) to 48.05 per cent (tree B). 
Toward the latter part of the season the fruit contained more juice 
than at the beginning, a notable increase being evident after Novem- 
ber 21st. 

4. The solids in solution are rather low, the average of all trees 
for the season being 7.91 per cent. The averages of the individual 
trees ranged from 7.24 per cent to 8.7 per cent. This item showed 
frequent fluctuations, and may be regarded as constant for the ratios 
under consideration. 

5. The per cent acid showed a perceptible decline. The average 
for all the trees for the season was 1.117. The individual trees 
ranged from 1.054 to 1.155, thus showing a fair degree of uni- 
formity. 
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6. The ratio of solids to acids increased, but at a slow rate. The 
rate of increase in this instance is considerably lower than in the 
Dunean fruit, and the ratios obtained lower also. The ratio of solids 
to acid of all trees for the season was 7.08 as against 7.23 for the 
Dunean. In no instance was a ratio of 8 obtained, the highest being 
7.507. This fruit reached an approximate ratio of 7 almost at the 
same time as the Duneans, between November 3rd and 21st. The 
averages for the individual trees ranged between 6.69 and 7.91. 

7. The total sugars, as well as the invert sugar were higher toward 
the latter part of the season, after November 21st. The sucrose was 
lower toward the end of the season. The averages were 4.825 total 
sugars, 3.079 invert sugar, and 1.658 sucrose. This gives the Marsh’s 
Seedless a little less sugars than the Duncans. The ratio of invert 
sugar to sucrose is much higher for the Marsh’s than for the Dun- 
cans, for the former being 3.857 and for the latter 1.448. 

The averages for the individual trees showed a fairly good agree- 
ment in regard to these items as may be seen from table No. 16. 

In substance 

1. The Marsh’s Seedless fruit juice also contained during this 





season solids in solution in a proportion which was at least seven 
times the proportion of acid it contained at maturity. 

2. This proportion of solids to acids came about some time during 
the latter part of November. 

3. The changes undergone by this fruit were pretty nearly of 
the same nature as those undergone by the Duncan, only they dif- 
fered in extent and rate at which they proceeded. 

4. The fact that most of the changes noticed proceed regularly, or 
nearly so, until a ratio of more or less 7 is reached, and that the in- 
version of sucrose occurs after this ratio obtains, point to this ratio 
as marking the point of maturity of the fruit. 

TRIUMPIT GRAPEFRUIT, SEASON 1916-1917, 
INDIVIDUAL TREE RECORDS. 

Only two trees, located in two different groves. A and K, were 

used for this series of tests. 


Below are given two tables showing the composition of the biweek'y 
samples picked from each tree: 
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By averaging the results obtained for the samples picked on the 
same date, the following table to show the mean composition of the 
fruit on succeeding dates was constructed: 


TABLE 19. 


Showing Biweekly Analyses of Grapefruit from Two Different Groves. 
TRIUMPH, SEASON 1916-1917. 
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ge | 2 |¢ |g. | # 18,3 
bo : L. | Snel + 

Date picked ew | 8. | $e Sc Sz | ess] ba 
©o | so | 55 | bo | so | B50] BS 
ae La 25 2a es | 2ae| 8a 

seine aie Oe | 
September 22..,/ 832 81.35] 24.45| 9.8 | 1.08 | 90 | 2.93 
October 5-6...| 429. | 8241] 2887) 96 | 104 | 92 | 244 
October 23...| 340. | 30.88} 31.31] 945 | 0.99 | 95 | 3.18 
November 3...| 394.5 | 2647] 33.92] 10.10 | 0.92 | 10.9 | 2.81 
November 21...| 324.5 | 23.64| 35.98/ 101 | 0.91 | 111 | 3.58 
December 8...| 400. | 28.29] 3657| 98 | 0.85 | 11.15| 2.77 
December 29...| 3885 | 25.39] 35.81/ 10.3 | 073 | 141 | 3.42 
January 18...! 405.0 | 3257| 35.12} 102 | 0.76 | 13.4 | 3.50 
February 19...| 491. | 30.98] 29°66| 9.5 | 0.70 | 13.57| 3.50 

‘ | 
Average for the | | | 
seasson....... | 487.16) 29.10) 92.41) 9.672) 0.887) 11.12) 8.125 
| | 
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| $8.54] 6.537 0.790 
| 2.389} 6.090 1.500 
3.95 | 6.929 | 0.700 
2.81 6.379 1.210 
285} 6.500 1.23 
2:74 | 6.385 |_ 1.27 
3.27 | 6.568 | 0.9556 








On each of the dates noted samples of 12 fruits were picked from each of 


two trees and were separately analyzed. 


on each separate date are presented above. 


The averages of the samples collected 


From the two previous tables, the following, showing the mean 
composition of the fruit from each tree, was abstracted: 


Showing Mean 
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TABLE 20. 


Composition of Fruit for Each Tree for the Season. 


TRIUMPH, SEASON 1916-1917, 
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SEASONAL CHANGES, 1916-1917. 


Total sugar 


as invert 


Ratio of in- 





vert sugar 
sucrose 





An examination of the tables will reveal some interesting differ- 
ences between this variety and the other two already studied. 
Two distinctly different sizes were chosen—the fruit picked from 
tree K, being small, of average size number 97, and the fruit from 
tree A, which was of medium size, average size number 64, more or 


less. 
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Eliminating the two samples not of size 64, in tree A, and eom- 
paring all the others, of size 64, as to weight, an increase in weight 
per fruit is noticed from October 23rd on. 

On this same date a decline is noticed. in acid, and with only one 
exception all samples thereafter show up more color. 

The ratio increases continuously and practically without inter- 
ruption, while the solids increase also almost continuosly after October 
23rd, and the percentage of skin drops to a lower level on this date 
also and stays lower in all the sueceeding samples except two. 

There is a slight increase in total sugars, but no steady gains 
are evident, and the same might be said in regard to invert sugar, 
although in the latter the gain is more pronounced than in the former. 
The pereentage of cane sugar decreases, although fluctuations are 
noticeable. The ratio of invert sugar to sucrose gains from the very 
beginning so that higher inversion is present from the start, or the 
formation of invert sugar proceeds at a faster rate than that of 
sucrose. The above data may suggest that this fruit came to full 
maturity some time around October 23rd. 

In tree K the weights per fruit and per box show no regular in- 
creases or decreases. Fluctuations occur due to differences in sizes, 
but taking all in all this item may be conidered as fairly constant. 

The percentage of acid shows small decreases from the beginning, 
but on November 3rd it drops considerably to a much lower level, 
and keeps on the decline to the very end. 

The juice content also increases from the beginning, but a de- 
cided gain does not occur until November 3rd. 

The ratio shows also a perceptible increase on November 3rd, 
while the color assumes a more yellowish hue (with one exception) 
after this date. 

The total sugars may be regarded as tolerably constant, while the 
itivert sugar shows a perceptible gain on November 21st and the cane 
sugar, with only one exception, is lower for the samples picked after 
this date. The ratio of invert sugar to sucrose is greater than unity 
for the first time on November 21st. 

In the case of this tree the fruit probably came to full maturity 
some time between November 3rd and November 21st. 

Both these tables again confirm the observation that the fruits 
with the higher percentage of juice exhibit a lower weight per fruit. 
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Turning now to the table of averages (No. 19) we find that on 
November 3rd the following observations may be made: The skin 
and the acid have decreased, while the juice, solids and ratio have 
increased. The cane sugar shows evident signs of inversion on No- 
vember 21st. With few exceptions these lower and higher ievels are 
respectively maintained on succeeding dates. 

It will be noticed that all the changes which may be taken as 
marking the point of maturity of the fruit, occur in this variety 
somewhere near the same date as with the other varieties October 23rd 
to November 21st, but with a much higher ratio, usually in the 
neighborhood of 11. The writer is inclined to believe that this fruit 
does not reach maturity under loca! conditions with a ratio of 7, 
but with much higher one, only that its very low acid content makes 
it appear with a legal ratio of 7 quite early, before it really is 
mature. 

It will thus be seen that this variety reaches the legal ratio of 
7 very early in the season, but it is doubtful whether this means 
real maturity, at that early date. 

It should be noticed that the per cent solids is much higher and the 
per cent acid much lower in this variety than in the other two, faets 
which account for the high ratio exhibited by this variety, which 
reaches limits to which the others do not even approach. This ae- 
counts for the staleness and lack of body of the juice, which is rather 
insipid. The fruits of this variety contain less juice than those of 
the other two. They contain more sugar and a closer ratio of invert 
sugar to sucrose, in many instances the sucrose being higher, a con- 
dition very rare in the other two varieties. The total average shows 


‘the proportion of the two sugars to be about equal, with the sucrose 


slightly higher. 

Comparing the two trees selected among themselves, we find that 
although there is great difference in size and weight per fruit of 
the fruit picked from each one, yet they agree pretty closely in all 
other points of comparison. 


CONCLUSIONS FOR THE SEASON 1916-1917. 


The data for this season suggest that there are a number of 
changes in the appearance and composition of the fruit the direc- 
tion, rate, or nature of which may serve to indicate the point of 
maturity of a grapefruit. These changes are, mainly, the color of 
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the fruit, the gain in juice, the reduction of the rind, the increase 
of the ratio of solids to acids in the juice, the increase of invert 
sugar, and the reduction of sucrose in the juice. 

These changes occur to a greater or lesser extent in all three 
varieties, but the extent to which they oceur and the rate at which 
they proceed seem to differ for each variety. 

Based on the changes noted above, the conclusion is possible that 
a grapefruit, no matter of which one of the three varieties tested, 
when matured, always presents a ratio of solids to acids in solution 
in its juice of at least 7. The ‘‘Triumph’’ variety under our local 
conditions comes to maturity with a ratio of solids to acids much 
higher than 7, and probably between 10 and 11. All three varieties 
came to maturity some time during the month of November, but 
the ‘‘Triumph’’ reached the legal ratio of 7 much earlier in the 
season, as the first sample picked on September 22 already had a 
ratio of solids to acid equal to nine. 


SEASONAL CHANGES, SEASON 1917 TO 1918, 


For this season’s work ten trees were selected in ten different 
groves, which included some of the groves of the previous year, and 
some new ones. Of the ten trees selected, seven were of the Duncan 
variety and three of the Marsh’s Seedless variety. The trees were 
designated this time by numbers instead of letters. No analysis of 
soils or determination of sugars were conducted during this season, 
for lack of help. 

The places in which trees were selected and the type of soil 
in which each tree stood were as follows: 














Tree No. | Owner or Manager of grove Location Type of soil 
| DUNCAN 
D oenieaee | Mr. Newton ...--.+-+- Bayamon.......+-.eee Clay 
8.....--| Mr. L. W. Davis.....-- Wega Alta............ Clay 
De wseeee | Mr. E. D. Stevens..... Vora Alta....cccscceee Sand 
GC occcses) Dips M, Le. DawiG ..... Were Al, ...c08sseces | Clay loam 
| Mr. W. K. Kaehrle....| Vega Alta............. Sand 
ise cene | Mr. R. L. Mills....... | Pueblo Viejo.......... Clay 
(ee | Mr. Guildermeister....| Pueblo Viejo.......... Sand 
| MARSH'S SEEDLESS TREES 
5.. .--.| Mr. E. D. Stevens..... Vega Alta......ssseeee | Sand 
F ssianiphs | Mr. W. K. Kaehrle....| Vega Alta............. Sand 
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the tree to which the table refers on each of the dates noted, 


NATURAL CHANGES, 


INDIVIDUAL TREE RECORDS. 


DUNCAN. 





The results obtained for each tree are given below in tabular 


m. 


TABLE 2]. 


Individual Tree Records. 


SEASON 1917-1918. 


Each of these tables was eonstructed as follows: 


Ten fruit were pieked from 


mediately analyzed, and the results tabulated as herein shown, 


This fruit was im- 







































































TREE No. 2—DUNCAN. 
| n | | S 
| @ o ~~ ~ | ~ ens 2 
} Ss as a & |; & = Sq 
Date picked | 2a ihe} o Sa a2 | o Sas | w 2ae 
eo we at os © os os ozs Se My = 
o> =2 no ws | oe | be “cs sae Og 35¢ 
2° 23 | 24 |'25 | £3 | £3 | g82| ee | sas 
—— oe ce | | 
September 21 ........| 614.25 | 1j4 22.11 48.07 | 8.50; 1.028 8.2 46 25,255 
| 
Getoner —s_- & ncccccnel 635 55 14 22.30 | 41.60 | 8.5 | 1.017 8.3 41 26,050 
October .| 691.59 174 26.22} 40.98 | 8.67 1.036 | 8.36 42 29 046 
November 670.25 174 21.66 | 33.33 8.60 | 1.000 8.60 42 28,570 
December 667.00 174 25.90 43.10 8.65 | 1.000 | 8.65 36 24,012 
January 552 00 s 3716 25.00 43.00 8.20; 0.933) 880 57 31,464 
Averages for the | | | | 
season...... 645.07 | 174 23.86 | 40.84 | 8.52} 1.002 | 8.50 44 27,900 
| ! 
TABLE 22, 
TREE No. 3—DUNCAN. 
| |g | 2 
|} @e | 8a | B zB r= @ | aural 2 2 
Date picked 2% | aa | 8. 82 | $2 ss e338 2. one 
; 9O | sa | ey | BS te “Ss Ss on a) 
| <= | #6 | oa | oF | £8 | Se | g88| aa | sat 
| | | 5 ae 7 
September 22...... | 576.5 | 74 | 25.6 42.60 | 9.15 1.313 | 6.96 | 48 27,672 
cee . Satan | 586.16 | 174 26.0 38.55 9.15 1.242 7.36 © be cecesares 
ctober re Ee Dccorsaca l aeacanilenacouns teeudeens batman le cascbelace Reve noctarha Neaaammnants 
November 12 ........ | 646.23 174 | 21.66 | 31.57 8.7 1.017' 855; 48 31,019 
December 10..,... | 586 174 23.5 | 44.0 8.45 0.94 8.90 | 49 28,714 
January 17...... 552 3716 | 95.0 | 43.0 | 822 | 0.93 | 880/57 31,454 
Averages for the | | | | 
SORSOL,...ccccee | 89.38 174 | 24.85 | 39.94 8.734 1.088 | 8.03 40.4 29,717 
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TABLE 23, 
Individual Tree Records—Continued. 
SEASON 1917-1918. 


TREE No. 4—DUNCAN. 

















' 






























































| | Nl l a 
| » ! | ® 
se | dele tele le leale is 
ick OO es es a | ow 8 SoyZ | & een 
ome — |: BB | ge | Se | 28 | SS | be [sea] ge | Sus 
re | as | ga | 25 | £2 | 2s | see) Fe | Sab 
a siiieenittaantnanicnaii | | ! = a 
| | | | 
September 21 ........ 510.3 | 7782 | 24.2 17.2 | 85 | 1.328 6.4 | 56 28,576 
October © c00neween | 576.32 174 | 21.90 40.16 | 8 75 | 0.939 9.81 | 54 31,121 
October EN | 546.23 | 7732 | 22.41 40.00 | 8.82 | 0.987 8.97 57 31,135 
November 12 ........ 623.56 | 7732 | 20.00 40.00 8.9 0.850 10.47 | 49 30,554 
December 10........ 6 | 5716 | 22.00 40.90 | 9.10 | 0.840 9,20 42 25,976 
January | Smee ere Ree fisie'-ratees Moana ene Bene Reeth eae Boo Rerigasadee 
Averages for the | | | | 
DORNOR coe viccses 574.88 | 7732 | 22.10 41.65 | 8.814 | 0.9888 8.91 | 51.60 29,472 
| | | | 
TARLE 24. 
TREE No. 6—DUNCAN. 
| 2 | | ee 
ge | So 1c |B s =e is c/ 8 oe 
Date picked =| 2 | az | S$. | Se | 98 | 8. jogs] s a7 E 
) so | 22 | so | se] se | se |S82] se | Bez 
a? /ac |} fe | fF] $2 | ge | 288] ga | sou 
is Ee ——_—| & — 
| 
September 21 ....... 491.8 5/16 | 28.86 33.17 9.61 1.718 | 5.59 | 59. 29,016 
October OEE 466.19 174 25.06 | 58.70 9.93 1.310} 7.58 64. 29,836 
October _ See 424.29 174 15.55 | 7.77 9.85 1.311 7.51 pea 30,549 
November 12........ 476.17 9732 | 26.19 | 38.38 9.60 1.090; 8.80 64. 80,475 
December ‘10 ........ 391.00 174 | 25.00 31.00 9.80 1.350 | 7.26 74. 28,934 
January | a eee pee seo] sereeee | | PRICE Cee eee 
Averages for the | | | 
season......... 449.89] 174 | 24.12] 38.79] 9.76] 1.356 | 7.19| 66.6 29,762 
TABLE 25. 
TREE No. 8—DUNCAN. 
e , 
e | f2/8 | 8 18.18 [Senile fe 
" Wis as a mo on =e n 
Date picked ' BE) 43 83 Se 33 oo ess 7. Sn 
oO = eq wom aed wD = Os = 
Se | ae | ga | 25 | g& | ge jgss| sa | 22% 
September 174 28.82 40 81 10.08 1.575 6.40 54 25,004 
October iy 22 50 41.66 9.98 1.427 6.29 54 30,607 
October 11732 29.23 32.30 1.478 6.22 40 29,477 
November 9732 23.21 82.14 9.50 1.496 6.35 48 30,475 
December 5716 21.70 39.00 9 65 1.330 7.25 42 28,560 
January 9782 25.00 38.00 9.55 1.190 8.00 39 27,807 
Averages for the 
BORGON..... ccc008 632.45 9732 25.07 37.32 9.49 1.416 6.70 45.8 28,654 
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TABLE 26. 


Individual Tree Records—Continued. 


SEASON 1917-1918. 


TREE No. 10—DUNCAN. 

































































z | 3 
) o ” 2 = — | 2 
. aos as a r=} a a i one do “an 
Date picked 2% 43 2. Se gs | ese e. Cre 
22 | a5 | 53 | SB | 58 | 58/380] 8 | S85 
<= ra ° a” a> oy” oo wae 4 n = 
September 21 + sachin basmbisowelasensmesbecansmagecesweuseaeageeeasaauaascewaeamuaas 
October © ae 174 24.50 43.20 10.60 1.690 6.27 59 39,940 
October 25 7132 25.00 33.33 10.55 1.662 6.34 72 20,376 
November 12........ 476.17 174 23.80 33.33 10.80 1,518 71 67 81,903 
December 10........ 575.00 174 24.00 44.00 10.40, 1.370 7.59 48 27,600 
January 17 ........ 552.00 | 174 | 27.00] 41.00] 11.10] 1.550) 7.16] 57 31,464 
Averages for the 
season,........| 507.01 174 24.86 38.09 10.69 1.558 6.86 50.6 30,256 
TABLE 27. 
TREE No. 11—DUNCAN. 
| - | 
ies | fe ]¢ |¢./¢./2 [seel 8 | ge 
oe | 80g = < | 3x2 
Date picked | 2% 4u Si $8 26 Sc | oss Eo | Bee 
i o -_ re} ues ~ hs} “= ¢ i & 
ge | as | $4 | 82 | S28 | $3 | g2)| ge | 8% 
September -........  sicsiaiSierardl eiecnaudes ad stawelea eel eo meetana taras cae da ladomteroed Weamaaaed Reacesans | a Seas 
October ( oe 6716 26.60 33.80 8.80 | 1.287 6.83 54 | 31,631 
October SS ... 378 18.36 44.90 8.65 | 1.434 .03 52 | 28,888 
November 12... ‘ 5716 26.00 29.00 9.00} 1.500 6.00 54 | 30,610 
December 10........| 5716 32.00 39.00 8.90} 1.260 7.06 44 | 25,520 
January DP dsnacuve | 9732 28.00 34.70 8.75 | 1.250 rr? 51 | 28,713 
Averages for the | | 
season..... see! 570.24 5716 26.19 24.88 8.82 | 1.346 6.55 51 | 29,072 


























In the table below the results presented were obtained by finding 
the averages of the analyses of all samples picked on the same date, 
for the dates noted. Ten to twelve fruits were picked from each 


tree. 
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Showing Biweekly Analyses of Duncan Grapefruit. 


Sampled from seven different trees, and analyzed immediately after picking. 


SEASON 1917-191S—DUNCAN. 






































| Ko) 
o ~ bad i © 1 fon 
m4 a =| | a ca 
Date picked sm | 84 | 89 | ssz| 32 | 33 
Se = bom yy wr ue = 
<F | 2 | 25 (g85) Se | 3s 
NE EON iy. 5b ccccen seb nsececsacaeaeaseenuen 548.21 25.18} 41.51) 8.94 | 1.347 7.280 
October Deh enn censu enn eneeeatssaniie dosenaee 562.92 24.12 | 42.52) 9.24] 1.273 7.420 
October _ Se rrr pre een een 560.43 22.79 | 38.21! 9.29 | 1.318 7.238 
IE NS ois coaccid scsi s pis nae eb eseintace ite 586.30 | 23.13 | 32.24) 9.30); 1.210 7.98 
EIRENE ORD 5550.05.55 ocasyau n'a eie-A'bisie 05:0 04-0! elsionceeie'e 585.28 | 24.87] 44.14 9.28 | 1.355 7.998 
January RT va casaukaewen sews secwaewss nine cares 595.00 | 26.25} 39.17; 9.40) 1.230 7.740 
| 
Averages for the SCASON.........ccccccccccece 573.02 | 24.39 | $8.97 | 9,24 | 1.2555 7.36 





The averages for each tree for the season may be seen in the 
table that follows: 


Showing Mean Composition of Fruit for Each Individual Tree for 


DuNcAN—SEASON 


TABLE 29, 


1917-1918. 


the Season. 





Tree No. 


Average 


weight per 
fruit in 


grams 
| Average 














Thickness 
of skin 
in inches 














| 
B 
ao | 
os | 
ee | 
Lo 
23.86} 27,900 | 
24.65} 29.717 | 
22.10} 29,472 | 
24.12] 29,762 | 
25.07 | 28,654 
24.86} 30,256 | 
26.19} 29,072 


Per cent 
juice 





34.88 


Solids in 
juice 


8.82 











2 | 38, 
cS i 2 
S38 | 8 
<~ | am 
1.002) 8.50 
1.088; — 8.03 
0.988 | 8.91 
1.356 7.19 
1.416 } 6.70 
1558! 6.86 
1.346} = 6.55 





SEASON 1917 TO 1918. 


DUNCAN. 


Size.—The size of the fruit has been mostly in the neighborhood 
of 46 and 54. Of 44 samples measured 19 ran from 40 to 49, while 


16 varied between 51 and 59. 


This coincides with the observations 


made during the season 1916 to 1917. There is no definite con- 
nection shown between the time of picking and the size of the fruit. 
This may be due to the mixture of fruits from different blooms on 


the trees, and the practical impossibility of being absolutely sure 
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in acids 


ahh auita 
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that every fruit picked on successive dates came from the very same 
bloom. 

Weight.—Of the seven trees tested during this season, in four of 
them, trees Nos. 2, 3, 4 and 8, the weight of the fruit has increased 
throughout the season, while in the remaining four a decrease has 
been noticed. 

As regards the relation previously noted between weight of fruit 
and per cent juice, it is very difficult to establish any comparison, 
due to the great variation in the sizes of the samples obtained. But 
if we compare samples of approximate sizes from the same trees, the 
same relation, with a few exceptions, is found to exist. 

In tree No. 2, taking the first four samples in the table, we find 
the percentage of juice decreasing from September to November, and 
the average weight per fruit increasing in the same order. Again, 
in tree No. 3, taking the samples corresponding to September 22nd 
and November 12th and December 10th, we find that the sample for 
November 12th, with the lowest per cent of juice, 31.57 per cent, 
shows the highest weight per fruit, 646 grams. 

The same is evidenced by the three first samples of tree No. 4 
and the samples for October 25th, and November 12th of tree 
No. 11. 

Per cent juice——Contrary to last season’s results, the per cent 
juice this year has not shown any tendency to increase, but has 
rather exhibited fluctuations pointing to a decrease, although in many 
instances a gain was made toward the last of the season. This is 
shown not only by the tables for individual trees, but also by the 
table of averages, No. 28. This may be due to the fact that the 
fruit matured rather early this season. 

The average for all the trees for the whole season was 38.97 per 
cent, lower than last year, which was 43.57 per cent. 

Per cent skin-—In four eases, trees Nos. 3, 4, 6 and 8, the per 
cent skin showed a tendency to decrease, while in two cases it re- 
mained practically constant, and in one increased. This decrease 
in the per cent skin is also noticed in the table of averages. 

Thickness of skin—An examination of the tables of individual 
trees shows that this item is practically constant through the season. 
This is a sign that the fruit were already fully developed when the 
first sample was picked. 

Per cent solids in juice.—The records for the individual trees 
show this factor to be practically constant through the season. In 
two cases, trees Nos. 4 and 6, a small, but perceptible increase is 
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noticed. In trees Nos. 2, 10, and 11, increases in the hundredths 
were noticed, so that they may be regarded as showing constancy. 
In the other two trees slight decreases were manifested. However, 
the table of averages for all the trees (No. 28) shows a small but 
marked increase as the season advances. This coincides exactly with 
previous observations. The average for all the trees for the whole 
season was 9.24 per cent, higher than last season’s. 

Notice that the solids are higher and the per cent juice lower for 
this season than for last. 

Per cent acid.—In all cases except one, tree No. 11, the per cent 
acid has decreased as the season advanced. This is also shown by 
the table of averages. The lowest average shown by all the trees was 
1.155 on December 10th, and the highest 1.347 on September 21st. 
The average of all the trees for the whole season was 1.255. This 
makes the acid content of the Duncans practically the same as for 
last season, when the minimum average shown by all the trees was 
1.11 on December 29th, the highest 1.36 on September 25th, and the 
average of all the trees for the whole season 1.205. 

The observations of this vear in this respects coincide with those 
for last. 

Ratio of solids to acids—An examination of the tables will show 
a steady gain in most instances. In only one instance, tree No. 2, 
was the ratio from the beginning higher than 7, and even here, a 
slight, but steady gain was observed. The fruit from this tree 
started with a ratio of 8.2 on September 21st, and gradually and 
uninterruptedly climbed up to 8.80 on January 17. It should be 
noticed, however, that the rate of increase is very slow. In all other 
instances the fruit started with ratios lower than 7, even as low as 
5.59, as in tree No. 6, and ended with ratios higher than 7, even as 
high as 9.20 as in tree No. 4, which started with a ratio of 6.4. This 
increase is shown by the table of averages, although not so clearly 
as by the individual trees. 

Taking the averages for all the trees on different dates we find 
the lowest average ratio occuring on October 25th, which was 7.238, 
and the highest on December 10th, which was 7.998. The average 
ratio of all the trees for the whole season was 7.36. This is slightly 
higher than the average ratio for 1916 to 1917, which was 7.23. In 
this season all the averages given for the different dates, beginning 
September 21st, are higher than 7, while the corresponding aver- 
ages for 1916-17 are lower than 7 for the first three pickings, namely, 
September 25th, October 6th, and October 24th. 
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During the season 1917 to 1918, then, we have less juice in the 
fruit, more solids, practically the same acid, and very slightly higher 
ratios than during 1916 to 1917. The weight per fruit was higher 
in the previous season. 

The mean composition of the Duncan fruit for the two seasons 














surveyed has been as follows: ‘ 
Weight | percent Percent | Solidsi acid Ratio 
Season per fruit in aise pele ve ° of solids to 
| grams | skin juice juice (citric) acid 
incall - 7 Pee eee eee ee 
oe eT 602 | 28.25 43.57 8.70 1.203 7.23 
ee ere | 573 | 24.29} 38.97 9.24 1.255 7.35 








In a general way, the nature of the changes observed during 
this season has been the same as last, although there have been some 
differences as to the extent of the changes. This may be due to 
meteorological conditions, as well as to the fact that the trees used 
were not in every instance the same as those used last season. How- 
ever, this last supposition is disproved by the facts if we compare the 
records for both seasons of only those trees that were continuously 
tested from 1916 to 1918. Following is a comparison. The trees 
were designated during the season 1916-17 by letters and during 
1917-18 by numbers. The equivalences are as follows: 





Designation Designation 
during 1916-17 | during 1917-18 





Grove | 


Wi TRAN ooo siciccecndic. Sasede ce seed concent vaneeenes I 2 
Ri. Pe GRE 6 655 6k oes a sgn ceeds ot waseweeeseress N 4 
WOr, Why Dic DW i oocic kocsis ccat ccccsewwiveue comneeuee B 6 





As seen, then, tree I and tree No. 2 are the same; so are tree N 
and tree No. 4, and tree B and tree No. 6. 
Their records compare as follows: 



























' | | Ratio of 
Weight | Thickness| Percent Percent Solids | Acid 
sadhana per fruit of skin skin I juice in juice (citric) Brg 3 
ig —_--—— — | | 
| 
TreeI..... 657 | 5716 27.59 | 42.51 8.64) 1,124 7.69 
No. 2..... 645 174 23.86 | 40.84 8.52} 1.002 8.60 
Tree N. 471.6 174 27.99 | 42.77 8.62 | 1.166 7.39 
No. 4..... 575 7732 22.10 41.66 8.81 0.089 8.91 
Tree B..... 450.8 | 174 27.10 45.74 8.46 1.252 6.76 
Na 6..... 449.9 | 174 24.12) 38.79 8.76 1.356 7.18 
‘ P a ee 
11607....| -£26.6 | 7732 27.56 | 43.64 8.56 | 1.514 7.28 
‘a 
tool | 174 23.86 40.42 8.86 1.115 8.86 
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The very same trees, then, showed a record in 1917-18 different 
from that of 1916 to 1917, and the differences noted are of the same 
order as those found among the averages of all trees tested for 
the two seasons. 

The changes undergone by Duncan fruit during this season, are 
much less pronounced than during season 1916-1917; in fact, some 
of them are totally absent, as no regularity in the variations have 
been detected. Only the slight decrease in acidity of the juice and 
a corresponding increase in the ratio of solids to acids have heen 
at all regular. 

To account for this lack of uniformity in behavior, reference must 
be made to the fact that the fruit showed a ratio of over 7 with the 
first sample picked on September 21st. It was observed the previous 
season, that when maturity was reached, the progressive changes 
in the fruit ceased to be regular, and fluctuations due to individual 
variations were apparent. The data on inversion of sucrose which, 
as was seen, exhibited regularity precisely after maturity are not 
available to judge the behavior of the fruit during this season, but 
with the data at hand we are safe in assuming that this fruit was 
ripe already when the first sample was picked, so that the changes 
which make for maturity had already taken place, at least, to a very 
large extent. 

As will be seen further on, this early maturity may be ascribed 
to a reduction in the rainfall, which also accounts for the lower juice 
content and higher solids in juice found in this season’s fruit. 

Again, the fruit exhibited a ratio of over 7 when matured. Both 
maturity and ratio were reached very early this season. Most of 
the trees had matured fruits in October. 


SEASONAL CHANGES, 1917-1918. 
MARSH ’S SEEDLESS. 


Only three trees of this variety were tested during this seaso: 
trees Nos. 5, 7, and 9. The composition of their fruit was found 
to he a follows: 
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TABLE 30. 
Individual Tree Records. 
SEASON 1917-1918. 


TREE No. 5—MARSH’S SEEDLESS. 



















































































& | | | g 
r) o | ~ | vey ww =m © | 
si wos as | 8 a | 8 SCnz | © | Sea 
Date picked Eu “= oe $e | 86 ess | Fe | my 
Yo se & ae wa | oe is 
ce | es | Sa | se | s@¢ |e8s| fe | 23h 
seal \— | | elaine 
September 21 .......... | 444.15 5716 | 26.85 | 42.55 | 7.81 1.137 6.880 | 64 28,425 
October a a 174 | 25.00 | 45.00 7.93} 1.121 7.00 | 72 29,683 
October 5716 | 26.66 | 42.26 7.63 | 0,963] 7.92 | 61 80,121 
November 5716 | 25.53 | 38.88) 7.30] 0.876| 8.38 | 57 | 30,378 
December 174 | 27.00 | 47.00 7.20; 0.880! 8.19 62 31,372 
January sa Vegeatyelsceeee ns lomae Cees ficucenws Pacaiaedas Beecuriee’ fidwsanastesecudes | eourenubemee meee 
| es | | ee _ | —— 
Averages for the season, 481.09 | = 9732 | 26.21 | 43.01 | 7.57 | 0.995 | 7.60 | 63 20,994 
| | | | | 
TABLE 31. 
TREE No. 7—MARSH’S SEEDLESS. 
| f< 2 Glee nee 
wn | ov 
© $ ~ = | + ; » Nis © om 
. bos az 3 a | 8 = ont] & Rez 
Date picked E® 4u oe Sg | Sc bc logs Eo Bye 
= ae os = = a N 
| 55 | & | se | gs | 28 | fe | 8s) ha | sah 
| in | | Bees 
September 21 .......... 652.05 5716 28.90 38.4 9.26 1.452 6.37 46 29,994 
October ceases: ens ES) See errs Frere cn antag aoe lenwawesslveceniatiececeues oad eeecheceeeeee 
October Bee icusesieses | 555.54 | 9732 24.48 32.65 | 10.00; 1.541 6.48 59 22,777 
November 12.......... | 538.86 174 23.40 30.00 | 9.80} 1.475 6.64 60 32 331 
December 10.......... | 609.00 5716 28.00 | 36.00 | 9.90} 1.350 7.33 46 28,014 
January MP Sac oeeaie 644.00 | 174 | = =27.00 42.00 9.70 | 1.28 7.60 48 30,912 
Averages for the season| 599.89 | 9732 26.36 | 35.81 9.73 | 1,419 6.85 651.8 28,805 
TABLE 32. 
TREE No. 9—MARSH’S SEEDLESS. 
‘Prane Gap’ ae & 
on |te lit [8 (he et eels 
_ wg | a 8 a z to San 
— ge | 32 | se | $8 | 82 | Se | o89] f. | Sue 
o | a wo bans BS ae | so S | 39 
ze | a's | Se | £2 | $8 | £3 |388| ga | sah 
eT Sor. la | selene 
September 23 .......... 421.2 | 5716} 28.84| 46.15| 820) 1.895| 6:8 68} 28,641 
October iavusiceuxe «| 415.70 174 | 26.30 47.72 8.20) 1.315 6 23 64 26,605 
October RE Seem besecccas Peeene erent Pe Pees FR) ae aaee 
November 12.......... 464.84 | 6716) 26.82 41.46 8.10} 1.097 7.38 64 29,749 
December 10.......... 483.00 | 5716 | 83.33 45.00 7.70 | 1 050 7.31 60 | 28,980 
| | 
Averages for the season! 446,18 | 732 | 28.82 | 45.08 8.05 | 1,197 6.72 64 | 28,498 
| | 
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TABLE 393. 
Showing Biweekly Analyses of Fruit Picked from Three Different Groves. 
On each one of the dates noted 12 fruits were picked from each of three trees 
set aside in three different groves, and the samples thus collected were separately 
analyzed. The results of the samples picked on the same date were averaged, and 


the averages are tabulated below. 


SEASON 1917-1918—-MARSH’S SEEDLESS. 
































| 
Ye | & a 2 2 oa r) | O46 
do, | a =I Ss Ss COnd a0 | &eo 
Date picked 2% | 8, Ze $3 138. ess a | a5 
Ss | 5x 55 a9 S52 | soo] oS | 532 
a? | AC en La ga gas <q” {aie 
eens: | 
September 21-23 ........... ... 495.11 | 28.35 | 41.97 8.83 | 1.372 6.43 46} 22,775 
October Ae ee 413.98 | 25.65 | 46.36 8.06 | 1.318 6.61 68 | 28,151 
October BOs nagacuaeacsaennee 532.86 | 25.57 37.44 8.81 | 1.252 7.03 60 | 31,972 
OUMMANOE DEALT .....0cscccseccs 512.18 | 25.25 | 86.58 8.40| 1.149 7.31 60 | 30,731 
SPN BD. oo sciks cas ssvnswse | 532.50 29.44 42.66 8.26 | 1.093 7.55 56 | 29,820 
January BO ohana cee -snes sees 644.00 | 27.00 | 42.00 9.70 | 1.280 7.60 48 | 30,912 
Averages for the season........ | 521.78 26.87 41.16 8.67 | 1.227 7.09 56 29,219 
| 





TABLE 34, 
Showing Mean Composition of Fruit from Each Individual Tree for the Season. 


SEASON 1917-1918—MARSH’S SEEDLESS. 



































3 z Se 
od ) eo 4 2 = i=] ~ - 
7 wom ot) as a 1) 8 =“ © Sine 
aaa fend | £. | 34 | Ss |men| 28 | 38 | ob | ose 
os Sn =“ ae) pH nos a = >= 
Beem) be | As | Se [ses] 92 | 53 | $2 | ses 
reer tes 481.00 63 | 9732] 26.21 | 29,994] 43.C1] 7.57] 0.9954 7.60 
Wbaxs es Ganinss voce set's 599.89 52] 9732] 26.36 | 28,805] 35.81] 9.73 | 1.419 6.85 
Deruecwnstacssesuconed 446.18 64} 9732] 28.82] 28,493) 45.08] 8.05 | 1.197 6.72 





Weight and size—Both variable. There is a tendency to in- 
crease on the part of the former, while the latter may be considered 
as practically constant. The increase in weight is shown by the 
weight per fruit in the tables for individual trees, and by the weights 
per box given in the table averages. (See tables 33 and 34.) 

There are only two instances where a comparison can be made 
between the weight of fruits of the same size, viz, among the samples 
picked from tree No. 9 on October 4th and November 12th (see table 
No. 32), and between the samples obtained on September 21st and 
December 10th from tree No. 7 (see table No. 31). 

In the first instance the fruit with the higher juice content weighed 
less, while in the second the opposite was true. 
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Per cent jwice-—During this season there has been considerable 
fluctuations in the per cent juice. If in tree No. 5 (see table No. 
30) we compare the per cent juice for fruit with a ratio of less than 
7 with that of fruits with ratios between 7 and 8 and fruits with 
ratios above 8, we find the juice practically constant. In tree No. 7, 
however (see table No. 31), the fruits with a ratio of 7 or more have 
a higher juice content than the fruits with ratios below 7, but the 
reverse is true of tree No. 9, where the fruits with ratios below 7 
have the higher per cent of juice. The table of averages for this 
season, No. 33, shows also a higher content of juice for the fruits 
with ratios below 7. This may suggest that the Marsh’s Seedless 
begin to attain maturity when they have a ratio of less than 7. 

Average of all trees for the season, 41.16 per cent. Highest aver- 
age, 46.36 per cent, on October 4; lowest, 36.58, on November 12-17. 

Per cent skin.—It has not been possible to trace any consistent 
change in a fixed direction during this season. There has been much 
fluetuation, and the factor may be considered as practically constant 
for this fruit within the ratios observed. This is shown both by the 
individual tree records and by the table of averages for this season. 

Per cent solids in juice.—This item may be considered as constant 
for this season within the ratios observed. A mere inspection of the 
tables will convey this impression. The average for each tree dit- 
fers very little from the first figure obtained for the season, and in 
fact, from any other figure in the table. The same is true of the 
table of averages as the percentages obtained in each ease on dif- 
ferent dates for a given tree lie as close together as could be expected 
within the circumstances. Of course, there are notable differences 
among individual trees. So the average for the season for tree 
No. 5 was 7.57 per cent, for tree No. 7, 9.73 per cent, and for tree 
No. 9, 8.05 per cent. 

The average of all trees for the whole season was 8.67 per cent. 
The highest average of all trees for any one date was 9.70 on Janu- 
ary 10th, and the lowest 8.06 on October 4. Among individual trees 
the highest per cent obtained was 10.0 per cent for tree No. 7 on 
October 25th, and the lowest 7.20 per cent for tree No. 5 on De- 
eember 10th. 

Per cent acid.—There is an uninterrupted, notable decrease in 
acid content all through the season. However, the decrease is much 
more rapid after a ratio of 7 is approximately reached. The decline 
really starts when a ratio of 6.5, more or less, is obtained, somewhere 
around October 25th. 
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In tree No. 5 the notable decrease -occurs on October 25th with 
a ratio of 7.92. In tree No. 7 the first decline comes after October 
25th, with a ratio of 6.64. In tree No. 9 there is a very slight 
decrease on October 4th, with a ratio of 6.23. The sample for Oc- 
tober 25th, was missed, and the next sample picked, on November 
12th, shows a notable decrease with a ratio of 7.38. It is not going 
beyond the limits of a reasonable possibility to suppose that on 
October 25th a perceptible decrease in acid should have been no- 
ticed in this sample. 

In the table of averages for all the trees, the decline becomes 
constant after November 12th-17th, although the samples for Oc- 
tober 4th and October 25th, were lower than the first. However, 
the latter, with a ratio of 7.03, was higher in acid than the former, 
with a ratio of 6.61. 

The average acid content for all the trees throughout the season, 
was 1.227. The highest average for all the trees at any date was 
1.372 on September 21st-23rd, and the lowest, 1.093 on December 
10th. 

These per cents are higher than those for the same fruit last 
season, and the average for the season is practically the same as 
those obtained for the Duncan fruit for the season 1916-17, and 
1917-18. 

Among individual trees the lowest per cent found was 0.86 on 
fruit from tree No. 5 on December 10th, and the highest, 1.541, 
in the sample picked from tree No. 7 on October 25th. 

Ratio of solids to acid.—The ratio has increased all through the 
season, but rather slowly. Two trees failed to make an average 
of 7 for the season. The ratios very rarely went beyond 7. The one 
tree which reached an average of 7 did not reach 8. Taking the 
table of averages of all trees for the season, the first average ratio 
of 7 appeared on October 25th, just about the date when the decline 
in acid content started. By the end of the season, on January 10th, 
the ratio attained the highest average for the season, which was 
only 7.60. 

CONCLUSIONS. 


The changes undergone by the Marsh’s Seedless grapefruit during 
this season were much Jess perceptible than last season’s and in many 
instances were totally absent. As the changes in juice content, per 
cent skin, weight of fruit, and ratio of solids to acid take place 
with more intensity while the fruit is yet unripe and is progressing 
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toward maturity, it is safe to assume that the fruit in this season 
Was very near maturity when the first samples were picked. If 
this is coupled with the fact that the characteristic decline in acid 
occurred this season with this fruit when the ratio was about 6.5, and 
notice is taken of the first average ratio of the season, which was 
6.43, it will be seen that there is ample room for the assumption 
expressed above, and further, to suggest that this variety of grape- 
fruit is capable of reaching maturity with a ratio of less than 7, 
but quite above 6. 

Comparing now the averages for the two seasons, we make the 
same observations as in the case of the Duncans; that is, the fruit 
for the season 1917-18 has less juice, more solids, rather higher acid, 
and practically equal ratio. The sizes are about the same. This 
was so in the case of the Duncans, as well. The weight per fruit 
in the case of the Marsh’s Seedless, though, was practically the same, 
only very little higher for the 1917-18 fruit. The figures are pre- 
sented below. 








Season Weight | Per cent = Percent] Solids | Acid —- Average 

‘ per fruit} skin ofskin | Juice | in juice | (citric) | to acia size 
1916-17 .....0seeeee. 509.8 30.88 | 25764" 44.94 | 7,91 1.117 7.08 58 
AGET-18,. 5.0 coves. | 511.8 | 26.87 |....000e0- 41,16 | 8.67 1,227 7.09 56 








This is indicative of the fact that some fixed cause was acting to 
produce identical results, and the only one factor in this case that 
could affect all the trees in approximately the same way was the 
weather, as this was the only one that was very nearly the same for 
all of the trees in a given season. 


SEASONAL CHANGES OF GRAPEFRUIT, 1918 TO 1919. 


As already stated, only Dunean fruit was used during this season. 
As explained observations were made on the color of the skin, the 
taste of the juice, and the consistency of the cells. The same system 
of notation for color as that employed by Mr. Cady was adopted. 
For describing the teste, the term ‘‘tart’’ as used by Collison? was 
employed, for designating that particular taste which is neither 
entirely sour nor sweet but which is rather a kind of middle point 
between these two extremes. Then the words ‘‘sour’’ and ‘‘bitter’’ 
variously modified have been made to express obvious variations in 
taste. The juice cells have been described as ‘‘well filled’? when 


1 Bul. 115, University of Florida Agricultural Experiment Station, “Sugar and Acid 
in Oranges and Grapefruit,” by S. E. Collison. 
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they have been full of jnice, turgeseent, well rounded up, and with 
an even, glossy surface. When this condition has been present, but 
not to perfection, the terms ‘‘filled’’ and ‘‘partially filled’’ have 
heen employed. In the absence of these properties the terms ‘‘dry”’ 
and ‘“‘hard’’ have been used to describe them. 

It was during this season that determinations of nitrogen, phos- 
pherie acid, potash, and ash were made on the whole fruit. How- 
ever, these data will be given and discussed in a separate section 
of this work. 

Analyses of samples of soil and subsoil taken from around the 
bese of each tree were again made, and the results are given below. 

The trees were again designated by numbers, following the nu- 
merical order of the previous year. 


TREES SELECTED FOR THIS SEASON’S WORK 


All trees selected were of the Duncan variety, except tree No. 153, 
which was a Marsh’s Seedless. 














: | No. of | : _ pecs 
Manager or owner of grove the | Location Type of soil 
} trees | 
| 
RU IO NEURCIONE 5 5 o5; soos oe wdusaseewaseess 2 | MG Re AIR csin'sidins cysivenenes Sandy 
Mr. E. D. Stevens... .| 18) | VOR AIG 5 oo ccciccesesscccws Sandy 
CS eer | 1G L GRREIID os 00 cescsviccsscsieesic Sandy loam 
Mrs. C. D. Smith . ne cranes ot eé. ° =r. Sandy loam 
TE on cn cucesesebesesaenvss ores a 16 | ME. iSocbcievie vadascnoceene Clay loam 
Messrs. Seevitio and Castle,. “| 17 | Manati...... .e. Clay loam 
BET. W. KK, erie 2... 2506... ceresccccceeces 18 | Vega Alta.......... eeseeceees Sandy 
! 





COMPOSITION OF THE SOIL. 
The analyses of the soils and the corresponding subsoils in each 
grove are given below—on their water-free basis. 


Mr. Stevens’ Grove—Trees Nos. 12 and 13. 











Soil Subsoil 
RE cag ca os Anke bn dudeesee bine steaseeskacemisneen Dark brown................| Yellowish brown 
OR reer err roc Aer necro: Sandy logm 
ED nis wangigeccs 454s 400ceeuessoseneunie NG aik.a ok ccd coca nkoee Menwetaseaceiecas ent 
Depth of subsoil sampled ............ cc cece cecces [ocreccescccccccescssececes .+-.| Two feet 
IID 6 ah on ay wn Ue '0:9°661-0606'09)69 0s 0.s.us'a 0-0 0504 Ke 1.24 PEPCON.....scrceses 1.50 per cent 
WIND TRRIIOE o.oo cvn ccs cecnctcccccccsccesseeses B.BL POF CONE....ccceccese 5.00 percent 
EMBOVUDIOS TAROT... c0ccs cvevccesecccvcccsceuses 88.68 per cent,..........0 81.51 percent 
WiGTOMET (IN) ..ccccccccceccccceces seceee éeeiennante 0.420 per cent.......... ---| 0.140 per cent 
Phosphoric “a ea (P505) se cecccccccccccees 9. “i per cent,...... coooee| Traces 
RRR NO (OIRO) io cc. csc cescveccecscosecceses PROMO ssavccvsoesecoscetocsss None 
Iron and mae AS (FQ g)...ccccrceveccess 5. Bt per Cent,.........065 7.03 percent 
Potash (KoO)..cccceceseeseceeecreeeeees so ecececes TYACES.....0.ccccceee eoteeee Traces 
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Mr. H. L. David’s Grove—Tree No. 14. 








Soil Subsoil 
COlOE cic ccasetaen eh crcceonneenet newest sieges aexets Reddish brown ........000+ | Red 
IPO costs coc cig ster ev eihbnisince es ciewaeisia knees see ehs SanGy loam 2... csccsccsscess Sandy clay 
Depth Of sOil........cccccscevercscrsccecccsccccces TWO feet ......cccccesccvers | None y 
Depth of subsoil sampled ..........ccccceeecccees lecseccee ceccceee: vecces scene Eighteen inches 
ROPE eererre rrr er Teer cr Terr sce 1.64 per CONE... ..ccccccves 1.46 per cent 
Volatile matter. ......ccccrccccsccccee: vevccccess S62 POF CORE. ccccescssces 6.47 per cent 
PMODIDDIS TABU ooo oc cccsnrccccccccevcccaccossens GG.45: Pr CONE... .. ccscevas | 81.79 percent 
WOMEN CIO) icc coc dni cr nearcenerccnsteeccrmadanens 0.106 DEE CONE: i.ceccccces 0.078 per cent 
Phosphoric anydride (Py05)......eeee eee eeeees 0.114 per Cent... .cccecess 0.090 per cent 
Calcium oxide (CaO)..........-. teeee seeeees cece DIMGON: ones cas iewieasanenaes None 
Iron and aluminium oxide as (Fe90g).......... | 8.26 per cent...........0- 7.19 percent 
Pate (a Dace cc ccadcccsesscssieveseséescavenees 0.0014 per CeNt....cccssec 0.003 per eent 





Mrs. C. D. Smith’s Grove—Tree No. 15. 
































Soil Subsoil 
OOIOE teenie cask Renee rhea demeehacuspeenenns Light DOWD :c0.ccccceeses Red 
DOO os ircocauescawataKsncasas osaenuameenenenmes SANGY 1OAMD .. 000s .crsce-ces Clay 
DOH GE GOU a oes ciccisosnccecvesnexearccancunes Nine inches............e00. eereee Sinageseccaeds 
Depth Of SUbsOll SAM DISS ooo o's ccccccececcescetes jeune ‘nes Fifteen inches 
aon pec ct nein docend et otiicce vee unidetien 1.30 percent... aa 1.70 percent 
RD TIE oo. sis vcssvasveccccvens sauvevceenes 6.26 POF CONE....nccrcceses 8.77 per cent 
PERC HUNG oop cess ceemsncnccasspewneneses 83.59 percent...... wididasiars 78.59 percent 
PRUULOM TE ae aaew sins rnumeres mo ngenesas oerere O.TI2 PEF CEM, 6 icccs casas, 0.089 per cent 
Phosphoric anhydride (P9055 ).......e2-+ seeceee | ©. 109 POF COME 2... .nsccccee 0.106 per cent 
Caleta. GRIGe (COO) «6 csccrccvcccscecscvcesceces, levenesseedebeunsneeccccesedeae| gecearenesen eae 
Tron and aluminium oxides as (Fe9QOg) ........ G.08 POF CONE... cccccecas 9.80 percent 
Potash (KoO).....cccceee sees ceceeeccceccsecconces 00.027 per CeNt.........eeee | 0.055 per cent 
Mr. E. R. Day’s Grove—Tree No. 16. 
Soil subsoil 
QO OE ic ce cnc cnn tveasisccsncctsutasieessessicevaces ROG iso ce isc cp iusccncevedeus | Red 
EVE. oc hvucae, ved ccerenscnsunhoereann vee. eeeeaduaaad CUD recs ccutdencntheoanecuas Clay 
De OC AGI 8 i corccicucunancetacewelernsnrers Bgl 10GKOS; « 60cs dccccawecs bh czaanedcadeeuarewed 
Depth GF sGheatl sqm pled oes sc i ciccices sacevcvecs Lawesencenedcewnses second weiacawe Twelve inches 
GIG cscccuvcacccnssasaescadenctscennsencanns | Zoe POF COME cos «ciences | 2.90 per cent 
VGIMEMeOMIBTIONS oss csaccienss cdecgedennnekeeses REE WOE BO sv cnvcvcckons | 9.47 per cent 
POGUE AMI 6 5 osc oc acersneecevnsnsagecesaas 66.09 per cenj...........- | 67.52 per cent 
PRN EIO an os vce i erens eae wed.eeas ac aewowates | 0.189 per eent............. | 0.157 per cent 
Phosphoric andydride (PoO5).....-.....-0ee sees | 0.180 per cent.............| 0.114 per cent 
Caletunt:OX1Ge (CEO) ...:65.06scscccsecccsesensceses QO. 228 Per Cent, ...cceccs .-| Traces 
Iron and aluminium oxides (as F e90g)....... 14,26 POT CONE... .. .cesereee | 22.99 percent 
OtGABY Cer Oo: taincosiscnenncaceiieroaesvanctcns 0.043 per cent......... ++e| 0.007 per cent 
Messrs. Scoville & Castle’s Grove—Tree No. 17. 
Soil Subsoil 
| Reddish brown............ Red 
| Clay loam Clay loam 
oe | OG SMGNOSe « ccecacccsceccasPeacceraccsasudeueees 
Depth of subsoil sampled .. meee ov: banwoaemee am cuunad ee <canume kets Ten inches 
ND oan sivas daek CiSee eRe eURsaceuraweNaCeeee eee 2.13 percent 
Volatile matter.............05. aeennenerNabere es 10,12 per cent.... ..ccceces 8,03 per cent 
PO IO co inntc cvcscune cecvewncvnenes wonne | CAG DOr COM cecoceccauns 71.32 per cent 
DWLOMGIN GIN irc dscatnsancae cccnetesusvesensvcdes 0.195 per cent............. 0.134 per cent 
Phosphoric anhydride (Po05)........++ Coneenaes 0.160 per cent..........02. 0.147 per cent 
Calcium oxide (CaO), ......scececcecerserecerecs 0,235 per cent..........065 0.221 per cent 
Iron and aluminium oxides (as F e90g)........ | 11.47 per cent............. 12,00 percent 
POUND Cis aces oc cesans cacevenceesansvecssncunes | 0,025 per Cent.....csccccse 0.01 per cent 
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Mr. W. K. Kaehrle’s Grove—Tree No. 18. 








Soil Subsoil 
Color Lab suOae SACS AE EEN shSbeRes eee An eNT EG Sew amnMen RO: RD oscickisecascewes Red 
UNNI Feds 6s Seou Wh euicnnas ceresinicsteescss cor awesie ME seen 5 cccudien eeeeene Sandy loam 
MME hice Din wikis aRulwiisloa wine's wabeeealebibcek WRI SEMEN OO 5 oi case iso dns wince Loren aan eea re tna tees 
Se RE ENG MIU ac oaaweiccemsacaeel car «onsets ceciee Gina iereek Eighteen inches 
Moisture ECR CPE TP EEE EET OTT ETE C ee eo fees 1.14 per cent 
URI EMER ois sa cence ies cious baa toeeae cack a | are 5.42 per cent 
Insoluble MENONOE ska 0 6haasiceN onesies saad caganenar Ft 2 fl 84.56 percent 
Nitrogen (N)....... Stace cri teaann abies ence eer 0.189 per cent............. 0.134 per cent 
Phosphoric anhydride (P905)............c cece O. 036 POT CORE... cccceccess ' 0,150 per cent 
Calcium oxide (CaO)... Gt pidSiuw hike RatA ma ey aaa O 188 DOF CORE. 6oscscascces 0.124 per cent 
Iron and aluminium oxides (as F Pe OR) a0:050.005 B.7U POF CORE.......0.00s000% 6.40 per cent 
WINE ITS ND) a sistw'n'p ean die Casik ea Glee nes stead eens 0.085 per cent .........0.. 0.053 per cent 





These samples were taken with a gage of 4” diameter. 

Physically and chemically we have here two distinct types of 
soils, as may be seen from the following comparative table, in which 
the numbers of the trees have been used to differentiate the groves 
on which they stand. 


| 
| 
| 
| 
} 
’ 

















® = res 
1T 5 25 | a £3 | Calcium Ferric 
Tree No. $3 | 4 | z . Potash oxite oxide Color 
&& | gz | = 
ieee aes a ~— a te a =. s a 
12 and 18..0.0..-- 88.68 0.420 0.100 | Traces None 5.54 | Brown 
TSR ee 83.48 0.106 0.114 0.0014 Traces 8.26 | Red 
Lee se 83.59 | 0.112 | 0.109 | 0.027 None 6.52 | Brown 
ae ee eer 87.95 | 0.189 0.134 | 0.085 0.18 3.79 | Brown 
es ie iat basa ae 9a ... 66.09 | 0.189 0.180 | 0.0438 0.22 14.26 | Red 
ee 72.92 | 0.195 0.16 | 0.026 0.23 | 11.471 Red 





From the physical point of view, the first four samples are of the 
same kind, sandy soils, while the last two are clay soils. All except 
one of the sandy soils are of brown color, while the two clay soils 
are red. 

Chemically, we have a group of soils (which composes all of the 
sandy soils, except the one corresponding to tree No. 18) which are 
rather deficient in plant nutrition, and another group, composed of 
the clay soils plus the sandy soil corresponding to tree No. 18, which 
are soils of a fair degree of fertility. Moreover, the composition of 
the different soils in each group agree fairly well if differences of 
minor importance are waived, so that we can simplify matters by 
assuming that we have only two kinds of soils to deal with. It is 
well to keep these facts in mind when we come to discuss the effect 
of the soil on the composition of the fruit. 


COMPOSITION OF THE FRUIT. 
INDIVIDUAL TREE RECORDS. 


The seasonal changes undergone by the fruit on each tree is 
shown by the tables that follow: 
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The average seasonal changes of the fruit during this season was 
caleulated by averaging all the samples picked on the same date and 
constructing the table that follows. 


composition of the fruit on the dates specified. 


Sampled from six different groves, and analyzed immediately after picking. 
(One of the trees included in these averages was Marsh’s Seedless.) 


TABLE 41. 


Showing Biweekly Analyses of Fruits. 
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This table, then, shows the mean 












































SEASON 1918-1919—DtNcan, 

~ aii | | | > 

, i Dag Rae caket Aee Oak w | > |. é 

Date picked BI 3 3 | Bee | ge 22 es | te Z | Seis 

eimai fo | 8s |83| See) Se S28] s§ | 38) 2 |sege 

ON |eplenlest| «Ee | 865| es | 35 1 8 | 823s 

zu |g | S32) 582) $3 | g88] se | 85 | 8 | F258 

| i Sas | ae ' 

re a pe se Ie, ee | | | | = 
October 28, 1918..... 490.09 | 25.91 | 38.46] 9.87 1.318 7.509 | "| 0) SR a) (OP CO 
November 12, 1918..; 508.31 | 26.68 41.72) 9.44 1,202 7.893 4.040 | 8.456} 4.23 H 0.955 
November 26, 1918..' 474.31 | 24.91 | 42.93/ 9.25 1.200 8,820 | 1.960 5.491 | 2.66 | 1,787 
December 12, 1918...) 476.00 | 28.19 | 44.38) 9.34 1.218 7.925 | 3.085 ».853 | 2.63 | 1.171 
January 2,1919....| 468.9 | 24.83} 42.00| 9.16 1.060 8.£08 3.240 5.980 | 2.56! 1,266 
January 20,1919 ....| 502.17 | 28.40 | 40.90; 9.89 1.187 | 8.366 3.520 5.828 | 2.26 | 1.557 
February 24,1919....| 482.57 | 26.38 45.40| 9.76 0.961 9.948 9.920 5.996 | 2.15 | 1.828 
Pesce ta cele Miccicney Mba or a. ee 
Averages for the, 486.05 | 26.47 |45.25/ 9.387 | 1.164 8.06 | 3.008 | 6.078| 2.64) 1.544 

season an | | | | i 7 
voy 
1918-1919. 
DISCUSSION OF RESULTS. 
As in the previous seasons the results as presented in this set 


of tables will now be discussed by topics, and the coincidences, as 
well as the disparities existing between this season’s results and those 


of previous seasons duly pointed out. 


Weight and size-—Both these factors show considerable fluctua- 


DUNCANS. 


1918-1919. 


tion, and no definite tendency to either increase or decrease regularly 


throughout the season. 


The correspondence of 


larger weight to 


smaller juice content in fruits of the same size is again noticeable F 


here. 


26th both of size No. 54, show, the former 30.82 per cent juice and 


In tree No. 12 the samples picked on October 28th and November | 
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and only 541 grams per fruit. 


a weight of 575 grams per fruit and the latter 44.1 per cent juice 
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In tree No. 13 the samples picked on November 12th and Novem- 
ber 29th, both of size No. 54, show 40 per cent and 43 per cent juice 
respectively, and their corresponding weights per fruit are 615 grams 
and 542 grams. In the same tree in the samples picked on October 
28th, December 12th and January 20th, all of size No. 64, the highest 
weight per fruit is shown by the first, 564 grams per fruit, and this 
In tree No. 14, however, with the fruit No. 80 picked on Novem- 
is the sample with the lowest juice content of the three. 
ber 26th, January 2nd and January 20th the rule does not hold. 
This is the first exception of significance encountered. 

In tree No. 16 the samples for December 2nd and February 24th, 
both No. 72, have weights of 402 and 405 grams respectively, with 
juice contents of 40 per cent and 47 per cent. In tree No. 17 the 
first two samples, both No. 80, contain the first 28 per cent juice 
and 275 grams per fruit, and the second 36 per cent juice and 333 
grams per fruit. These constitute other exceptions. 

It is noticeable that in the last three instance in which the regu- 
larity which had been observed so far does not seem to hold the 
fruits are all verv small fruit, Nos. 72 and 80. 

Per cent juice.—With the exception of tree No. 14, in all other 
instances the per cent juice increased as the season advanced. The 
inerease is also shown by the table of averages No. 41. In this table 
the lowest average was for the samples picked on October 28th, 
which was 38.46 per cent, while the highest was shown by the sam- 
ples picked on February 24th, which was 45.40 per cent. The aver- 
age of all trees for the season was 42.25 per cent, considerably higher 
than last season’s which was 38.97 per cent, but still lower than that 
for the season 1916-1917, which was 43.57 per cent. 

Per cent skin.—There is considerable fluctuation in the per cent 
skin, both as regards individual trees and in the table of averages. 
This is in accord with the observations made during the season 
1916-1917. 

Thickness of skin.—This may be considered constant, with flue- 
tuations. Observations coincide with those for the two previous 
seasons. Average for the season for each tree usually in the neigh- 
borhood of 14”. 

Per cent solids in juice.—In tree No. 12 there are alternate de- 
creases and increases among the succeeding figures, and all but two 
figures, as well as the average, are lower than the first. 

In tree No. 13 there are three increases and three decreases, com- 
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72 
paring each figure with the one immediately preceeding and immedi- 
ately following. The average is also lower than the first figure. 

Tree No. 14 shows four decreases and one increase. Average 
lower than first figure. 

Tree No. 15 shows a continued decrease, except for the last figure. 

Tree No. 16 shows up the same as tree No. 15. 

In tree No. 18 alternate increases and decreases within narrow 
limits are observed. The average is practically equal to the first 
figure. 

The table of averages for all trees for the whole season No. 41, 
shows the fluctuations noticed among individual trees, with a marked 
tendency toward the decrease. 

The above observations show a tendency of the solids in juice to 
decrease during this season. 

This is not in accord with observations for the two previous 
seasons, when the solids remained practically constant but with slight 
tendency to increase. This may be explained on the ground that 
this fruit was ripe from the start, and the differences noticed are 
due to sampling. 

The average for all the trees for the whole season was 9.387 the 
lowest average for any date being 9.16 on January 2nd, and the 
highest 9.87, on October 28th. This is higher than the average for 
any of the two previous seasons. 

Per cent acid.—A mere glance at the figures for acid shows that 
this factor gets consistently lower as the season advances. The in- 


creases are very exceptional, five cases only being observed during. 


the whole season among all the trees. All averages for individual 
trees are considerably lower than most of the percentages obtained 
in the succeeding dates they represent. The table of averages for all 
the trees throughout the season shows an almost continued decrease. 
This supports the view previously expressed at the beginning of 
this work. 

The highest percentage obtained during this season (see table 41) 
was 1.318 on October 28th, the lowest was 0.961 on February 24th, 
and the total average was 1.164. This total average is lower than the 
averages obtained on any of the dates except two. 

These observations coincide with those for the previous two sea- 
sons. The highest averages almost coincide in all three seasons, 
being 1.36 in 1916-17, 1.347 in 1917-18, and 1.318 for 1918-19. This 
also shows a continued decrease from season to season. The lowest 
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averages do not agree so closely, being, 1.11 for 1916-17, 1.155 for 
1917-18 and 0.961 for 1918-19. 

The mean were 1.205 for 1916-17, 1.255 for 1917-18 and 1.164 
for 1918-19. The figures for this season, then, are the lowest. How- 
ever, in general the agreement is remarkable. 

Ratio of solids to acids—In spite of the fact that the solids 
showed a slight tendency to decrease during this season, the ratio 
of solids to acids has increased. This proves that the solids increased 
to a certain extent, but failed to increase proportionately so that their 
percentages fell off a little. However, the proportion of the acids 
was so much lower, that the ratio of the former to the latter appeared 
greater on succeeding dates. 

Per cent sugars.—An examination of the tables for the individual 
tree records does not reveal any marked regularity in the change of 
the sugar content of the fruit. They rather show a marked tendency 
on the part of sugars to be constant, as with the exception of a few 
cases the successive percentages do not differ much from each other. 
This is again another sign that the fruit had quite reached maturity 
when the first samples were taken. Furthermore, the averages for 
the individual trees (see table 42) vary between rather narrow limits. 
The total sugars ranged from 5.854 for tree 12 to 6.879 in tree No. 
14. Cane sugar varied between 2.38 in tree No. 12 and 3.01 in tree 
No. 14, and invert sugars between 3.20 in trees No. 14 and No. 13 
and 3.845 in tree No. 16. 

Table 41 showing the averages of all trees for the different dates, 
however, show something different. The total sugars may be taken 
as constant, but there is a clear, steady decrease in cane sugar, and 
a very perceptible tendency to increase on the part of invert sugar. 

The averages for all the season were 6.078 per cent total sugars, 
2.64 per cent cane sugar, and 3.298 per cent invert sugar. 


RELATION OF PHYSICAL CHARACTERISTICS TO RATIO OF SOLIDS 
TO ACID. 


Turning now to the observations made on color, taste, and con- 
sistency of cells. In tree No. 12 the ratios were all above 8, the sam. 
ples were all more or less green, with the exception of the one picked 
on December 12th, the taste in all cases was designated as ‘‘tart,’’ 
and the cells were all well filled. This fruit showed all the charac- 
teristics of a perfectly mature fruit except for the color. Notice 
that a ratio of more than 8 was reached as early as October 28th and 
that the fruit was yet far from dropping. 
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Tree No. 13.—All samples showed green more or less. The green- 
est looking fruit was that picked on October 28th with a ratio of 
nearly but not quite 8. The taste of this sample was rather bitter, 
showing that it could yet improve. However, its cells were filled 
and juicy. All other samples picked from this tree were tart in 
taste, and had well-filled juicy cells. Again we see that although 
the color was fairly green, the ratio was way over 7, very nearly §, 
from the beginning, being over 8 in all instances except the first. 

Tree No. 14.—In this case we have two samples, picked one on 
December 12th and the other on January 20th, whose juices were 
sour. The first was rather green, having only a slight yellow tinge, 
and the second was slightly less than 50 per cent green. Although 
they had their cells well filled, showing that they were fully devel- 
oped, yet they could not be considered as good to cat: however, their 
ratios were over 7 and very near 8. This shows that the ratio of 7 
is reached before the fruit has reached complete maturity for this 
variety. 

Tree No. 15.—Notice the first and the third samples picked on 
October 28th and November 26th respectively. The first sample 
had not quite reached 7, although it might be passed as having a ratio 
of 7. Its color was mostly green, having only a vellow tinge, 2nd its 
taste was bitter and sour. This fruit evidently had not reached 
maturity and was not fit to eat. This shows that the Dunean fruit 
does not mature here before reaching a ratio of 7. The fact that 
its cells were well filled only shows that it was approaching maturity, 
and that the limit of maturity lies somewhere between the ratios of 
7 and 8, and that therefore 7 is the minimum limit allowable. 11 
the second instance the fruit was vet rather sour, although the ratio 
was nearer 8 than 7. 

Tree No. 16.—The samples picked on November 26th, December 
2nd, January 2nd and January 20 th vary in ratio between 7 and 
7.65. In them all, the green color predominates, the first two being 
almost entirely green. It may be noticed that the first two have a 
ratio of just 7. Their cells were filled, but not to perfection, thus 
lacking another sign of maturity. All of these samples were sour. 
So we have that the color, the condition of the cells, and the taste 
of the juice, all bespeak an immature fruit, yet their ratio was not 
below 7. This proves that this fruit does not mature before a ratio 
of 7 is reached. 

Tree No. 17.—No sample from this tree except the last shows a 
ratio of 7. This is due to the fact that the fruits were picked as 
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they matured by the person in charge of the plantation, so that when 
the samples were picked for analysis, only immature fruit was found 
on the tree. For this reason this tree has not been used in the com- 
putation of averages. All of the samples except the last were sour. 
None of the samples had their cells perfectly well filled, and the 
first, with the lowest ratio, had its cells especially hard and dry. 


Evidently all samples except the last were very immature. This 
is another instance where fruit with ratios below 7 have shown them- 
selves to be unfit for consumption. 

Tree No. 18.—The first and fourth samples, in which the green 
color predominated were a little sour. However, their cells were 
‘‘well filled’’ and ‘‘filled’’ respectively, so that they might be con- 
sidered as just on the border line of maturity. The ratio of the 
first was 7.19. The ratio of the second could not be caleulated as 
the acid determination was spoiled; however, it may safely be as- 
sumed to have been over 7. This is further evidence to show that 
a fruit does not show a ratio of 7 may be regarded as immature. 
The rest show signs of maturity in their taste and the consistency 
of their cells, although the green color predominates. Their ratios 
are well over 7. 

To summarize.—There has not been a single instance where fruits 
with a ratio of less than 7 have shown signs of maturity, regarding 
as such the color, taste, and consistency of the cells. That is, every 
fruit with a ratio of less than 7 has been found to be immature. 

Every fruit showing signs of maturity have been found to have 
a ratio of more than 7 and very nearly 8. 

The divisory line between mature and immature Duncan fruit, 
then, seems to lie between 7 and 8, and perhaps nearer 8 than 7. 

Turning now to the table of averages of all the trees for dif- 
ferent dates we find than the lowest average ratio of solids to acid, 
7.509, occurred on October 28th (the first picking of the season), 
the highest, 9.948, on February 24th (the last picking), and that 
the average for all the trees for the whole season was 8.06. This 
is higher than in any of the previous seasons. 


The changes that so far have been observed to characterize the 
process of maturation have been hardly noticeable, if at all, during 
this season. This may be taken as an indication, that in a general 
way the maturation of the fruit had come to completion when the 
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first samples were picked. In a large measure this was so, as a 
review of the tables and the discussion shows. 

This season the fruit contained more juice, and more solids in 
the juice, and had a higher average ratio than in previous years. 
This again might show a more perfect state of maturity. 


COMPARISON OF TREES. 
1918-1919. 


The mean composition of the fruit for the season for each separate 
tree, is given below in— 
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Disregarding tree No. 17, we find that all trees had an average 
ratio of solids to acid higher than 7. Two trees, Nos. 15 and 16, 
had ratios lower than 8 but much higher than 7. The other trees 
had all ratios higher than 8, and quite near each other, the largest 
difference not reaching 0.8. 

The thickness of skin, per cent skin, and weight of fruit per box 
are fairly uniform for most of the trees. The same is true in a 
large measure as regards the sugars. The greater differences come 
in the percentages of acid and solids. The highest acid content and 
percentage of solids correspond to the tree with the lowest ratios 
of solids to acid (tree No. 17 excepted), tree No. 16. The lowest acid 
is shown by the tree with the highest ratio, and with the exception 
of tree No. 14 the percentages of acid get lower as the ratios are 
higher. Excepting this same tree No. 14, the percentages of juice 
for the different trees show a fair degree of agreement. 

Tree No. 17 is conspicuous among all the others. Its fruit showed 
less weight per fruit, and smaller size than any other. It also had 
a higher percentage of skin, acid, and soluble solids, and a lower 
content of juice and ratio of solids to acid than any other. The 
color of the fruit was for the most part green throughout the season, 
the taste of all the samples was sour, and the cells were never ‘‘well 
filled.’’ Evidently every sample picked was immature. These re- 
sults suggested a number of considerations, chief among which was 
the one that most of soluble solids, acids included, are manufactured 
rather early in the season. It is evident that the juice continues 
to increase and the skin to decrease until maturity is reached. To 
get an idea as to the correctness of these views the following tests 
were made: 

Three samples of green fruit were picked from the trees of the 
Station grove. The samples were marked 1, 2, and 3. 

Sample No. 1 was composed of 4 fruits with a very pale yellowish 
color, very scabby and very hard. The cells or juice sacs, however, 
were fairly well filled, so that the juice could be extracted by hand 
pressure. This juice was very sour. 

Sample No. 2 was wholly green in color, very hard, containing 
so little juice that only a very few cubic centimeters could be squeezed 
out when using the strongest hand pressure. This juice tasted sour 
and bitter. ; 

Sample No. 3.—This fruit was of an intense green color, very 
hard, not yielding any juice when squeezed with the hand. When 
extracted with water the extract had a strongly bitter taste. 
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Sample No. 1 was squeezed and the juice obtained used for the 
tests to be deseribed, but in samples numbers 2 and 3 which hardly 
had any juice, the peeled fruits were extracted with an equal weight 
of water, and the dilution of the extract calculated from the loss in 
weight of the pulp, the weight of the extract, and the amount of 
water used. All results were then figured back to undiluted juice. 
All measurements and determinations already described were per- 
formed on these samples, with the following results: 





Sample No. 1 | Sample No. 2 | Sample No. 3 
. = | $$ _|{--—_—__--_— - 
SCO OPEN e 555 st Sedans be wuneveeeoncedenes 3-5716 inches | 3.Linehe | 3-5716 inches 
diameter | diameter diameter 
DHICKHGR GE ME ook ic cecsacivadnsacccsnuckecees 3/8 inche 172 ineche 9716 inches 
diameter diameter diameter 
ON ee OTe RTT 52.63 | 48.33 58,82 
RE GING I onic da cdi cad vineedncceccekcacnetenene 21.53 | 11,87 5.91 
MAG OG ecicc anna ovens cbepeeeucounonsere 10.68 18.06 27.63 
MOY CORE OOM cnc vans cegeicknetcaccspscseesat soxee 1.415 | 2.234 2,928 
RGtIO OF SONGS COMCIG oo cccccissecncaanceeexae 7.5 | 7.30 9.4 








The sugars present in these samples may be considered as neg- 
ligible. A qualitative test of the juice revealed the presence of suc- 
rose, but when polarized after clarification with Horne’s dry lead, 
samples 1 and 2 read less than 0.1 while sample No. 3 did not seem 
to affect the polarized light at all. As the polarimeter used did not 
read below 0.1 no estimate of the negligible reading given by the 
first two samples is presented. These fruits must have been from 
3 to 4 months old. 

After deleading the clarified juice with sodium oxalate, inverting 
with hydrochloric acid and neutralizing, the invert reading on the 
polariseope was negligible for samples Nos. 2 and 3, and gave about 
0.4 for sample No. 1. This shows an almost complete absence of 
sugars in samples 2 and 3, and very negligible amount in sample 
No. 1. However, the unclarified juices of all three samples gave 
copious precipitates when treated with an alkaline copper sulphate 
solution. Caleulating the reduced copper to invert sugar, we ob- 
tained 24.3 per cent for sample No. 1, 17.44 per cent for sample 
No. 2, and 19.01 per cent for sample No. 3. Clearly, the fruit was 
just beginning the elaboration of sugars at this stage of this devel- 
opment. It is presumed that this elaboration continue until full 
maturity is reached, when inversion of the sucrose accumulated 
begins. 

The conclusion is warranted that the green fruit contains a goodly 
amount of reducing bodies, probably glucosides, and tannin bodies, 
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which may be responsible for the bad effects attributed to immature 
fruit. 

The figures further show rather conclusively the following points: 

1. Most of the juice is formed toward the latter part of the 
period of development. 

2. The thickness of the skin diminishes gradually after the first 
stage of development of the fruit, as does also the percentage of 
skin. 

3. Most of the solids, sugars excepted, are formed very early in 
the development of the fruit. 

From the above observations taken together with the other data 
at hand the conclusion may be reached that at maturity the forma- 
tion of solids stops, the juice also stops increasing, the percentage 
of skin and the percentage of acid diminishes, the amount of total 
sugars remains constant thereafter, and inversion of sucrose and 
decomposition of invert sugar set in. These changes, then, ought 
te mark the point of maturity of the fruit. Of course, it would 
require further work, more detailed in character, to ascertain the 
true nature of these changes. 

All the previous data sufficiently prove that grapefruit here is 
capable of reaching a ratio of solids to acid in solution in its juice 
equal to 7, and that their maturity occurs when this ratio or some 
higher ratio is obtained. There is a_ possibility, however, of the 
Marsh’s Seedless coming to maturity with a ratio lying between 6.5 


and 7.0. 
COMPARISON OF VARIETIES. 


For the purpose of illustrating the comparisons about to be made 
of the three varieties of grapefruit tested, three tables are given 
showing the mean composition of each variety on approximately 
coincident days of the succeeding years. 

These tables were constructed in the following manner: For 
each variety the analyses of all samples picked on the same or ap- 
proximately the same day of the month in each month from Sep- 
tember to February of the different years involved, were averaged 
to represent the mean composition of the fruit on the specified day 
and month. With these data a table was constructed for each va- 
riety showing the mean variation of the composition of the fruit 
during the period of observation. By averaging all the figures thus 
obtained for the succeeding days, the mean composition of the fruit 
for the total time of observation was obtained. 
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RATE AT WHICH FRUIT REACHERB-THE LEGAL RATIO OF 7 
(RATIO OF SOLIDS TO ACID), 

All of the triumph fruits sampled always showed a ratio con- 
siderably higher than 7, even though picked quite early in thie 
season. The lowest average ratio noticed was 9, on September 
22nd, when the first sample was picked. At the early date already 
100 per cent of the fruit had a ratio of solids to acid higher than 
the legal ratio of 7. The highest ratio was shown by the sample 
picked on December 29th, which was 14.1, thus attaining a maxi- 
mum inerease of 5.1 in its ratio in the space of 98 days. These 
data may be best shown in the following: 

TABLE 46. 
Showing Rate at Which Fruit Approached the Legal Ratio of 7. 


TRIUMPH VARIETY—SEASON 1916-1917. 








Average | oe : 
ratio of all aes oon 
samples picked |, Of Samples 
Months and days W Rete deve found to have 
noted on pre-  & ratio of ¢ 
vious column or more 


Se eSEADENARDONE ED sacs, 0164 501-6450) iss) «oie paw A real ates sie se | 9.00 100 
UO ONS IST | RI a a ear eee eee an ae ee te | 9.20 100 
OE Ss EE ee aoe ear ee eA eRe 9.50 100 
EN ee a a area eee ree nea 10.90 100 
NNR 51S fore 9 4 6s 6-6-6 15 “ais asd Talib Soles aL eA AEE 11.10 100 
IRENE MRED Oo 5 aa aus 60 a case 9. a aa in COS uaId ois nya FDS a ALR Te ie 100 
NNN 55 aa. ing) Pera iete Wik Waa Wa Sa WOKS. “reat 14.10 100 
REEIREE ER 5 his ocuip: + 6.6 sis ATOR Rete are) Sudaveiea's 3 ers 13.40 | 100 
MUNN SO 6 6 5 ooso ta ois6 So ce ed's: « eros saad sigiaee, cere ever cenaiaie kate | 13.57 100 





As seen from the table the development of the ratio may be 
divided into three periods, for this fruit. From September 22nd 
to October 23rd, the ratio varied very little, the maximum range 
of variation being only 0.5, and the average ratio for the two months 
being 9.23. On November 3rd the ratio increased fo 10.9 and stayed 
there practically another period of two months during which the 
average ratio was of 11.05. Then on December 29th, the rato jump- 
ed up to 14.10, the highest ratio attained during the season. after 
which no more increases were noticed, but rather slight decreases. 
ending two months later with a ratio of 13.57, an average of 13.69 
for the period. This fruit reaches the highest ratios of all, reaches 
the legal ratio of 7 the earliest of all, and its ratio increases at 
the fastest rate. 

The opposite extreme is supplied by the Marsh’s Seedless varict™ 
Notice the table given below: 
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TABLE 47. 
Showing Rate at Which the Fruit Approached the Legal Ratio of 7. 
MARSH'S SEEDLESS VARIETY. 


Average ratios of all samples 

















picked within days noted in Per cent of samples found 
previous columns ; to havea ratio of 7 or more 
Months and days aeenrene ibs Siw Gi A oe et 
Season Season Season | Season 
1916-1917 1917-1918 | 1916-1917 | 1917-1918 
a = | a eS 
} j 
October 21-25....... 6.74 | 6.82 33.3% | 50% 
November 3-21...... 7.09 | 7.31 | 80.0% | 66.6% 
December 8-29......- 7.45 7.55: | 100.0% 100.0% 
January 18-24....... 7.34 | 7.39 | 100.0% 100.0% 
February 9-24....... 7.84 |e ee eee eee | WORO6 1s ciicccescoess 
Maximum range... 0.71 0.72 | Ne Nene 











The maximum range of variation in ratio during the season was 
0.71 for the season 1916-17 and 0.73 during the season 1917-18. 
The legal ratio of 7 was not attained until some time between 
November 3rd and 21st, and then only 80 per cent of the fruit 
in 1916 and 66.6 per cent of the fruit in 1917 came up to the 
standard. Not until December 8th to 29th did 100 per cent of the 
fruit come up to the legal ratio. At this time the maximum ratio 
for the season was reached, which was 7.45 in 1916 and 7.55 in 1917. 
It should be remarked, however, that in the season 1917-1918, 50 
per cent of the fruit had attained a ratio of 7 on October 21st to 
25th when in the 1916-17 season only 33.3 per cent of the fruit had 
attained this ratio within the same dates, thus showing that the 
fruit matured earlier in 1917-18 than in 1916-17. 

Mean between these two extremes we find the Duncan Variety. 


TABLE 48, 
Showing Rate at Which the Fruit Approached the Legal Ratio of 7. 


DUNCAN VARIETY—SEASONS 1916-1917, 1917-1918, 1918-1919. 





Average ratio of all samples 

picked within days paver. in Percent of samples found to 
previous column have a ratio of 7 or more 

Months and days 




















| 

| Season | Season Season | Season Season Season 

} 1916-1917 | 1917-1918 | 1918-1919 , 1916-1917 | 1917-1918 1918-1919 

| | 
September 22-25..... 6.2 | 7.28 |........ o¢ | 50.00% |......... 
October 4-28 .... 5.7 | 7.24 7.51 16.6% | 57.00% 100 
November 3-21....| 7.25} 7.98 8.30 75.0% | 71.40% 100 
December 8-29....|  7.75| 8.00 7.92 | 100.0% | 100.00% 100% 
January  2-22...., 7.80} —7.74 8.60 100.0% | 100.00% 100% 
February 24....... bs veesvaebesenecess pe GE pe OFS -- | 1.100% 

Maximum range. .| 1.60 | 0.72 Ce REE ERR REPS A MIRNA 
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It is true that during 1916 to 1917 the legal ratio of 7 was not 
attained until November 3rd to 21st, as in the case of the Marsh 
Secdless, but during 1917 to 1918, this ratio was reached as early 
as September 22nd, when already 50 per cent of the fruit had at- 
tained it. Then again the maximum average ratios were higher 
for this fruit, and the ratio kept on increasing for a longer period 
of time. The ranges are also wider, during 1916-17 and 1918-19. 
Ilowever, during the two consecutive seasons 1916-1918 both va- 
rieties showed 100 per cent legal maturity within the same period 
of time. The season 1918-19 is exceptional, as it was the driest 
of all, and as no Marsh Seedless fruit was tested during this season 
no comparison can be made. 

The relation of these varieties to each other in this respect may 
hest be seen from the following table, which shows averages for each 
variety for definited dates through the conseeutive seasons during 
which they were tested: 

TABLE 49, 
Showing Rate at Which Fruit Approached the Legal Ratio of 7. 
AVERAGE FOR ALL THE SEASONS, 1916-1919. 


Per cent averages of fruit with 
Average rate | ratio of 7 or more on previously 
| noted dates 





Dates ae 
Dunean | Marsh’s | Triumph | Duncan Marsh's | Triumph 
ee Oe ——-—--| Joe 
September 21-25.... 6.39 | 6.86 | 9.0 | 25.00% j......... | 100 
October 4. 6.... 6.61 | 6.38 A eas ene, Deemer rere } 100 
October 20-28.... 7.17 | 6.95 9.5 | 57.8% 41.6% | 100 
November 3-26... 7.01 | 7.20 11.0 | 82.0% 73.3% | 100. 
December 8-29... 7.85 | 7.48) 12.5} 100.0% 100.0 | 100 
January ey a 8.13 | 7.37 | 13.4 | 100.0% 100.0% | 100 
February 9-24 ... 9.95 7.38 | 18.5 100.0% | 100.0% 100 





1 For two seasons only, in 1918 the first sample of fruit was picked in October. 
Tests with the Duncan variety have been carried for three seasons; with the Marsh's 
Seedless through two seasons, 1916-1918, and the Triumph for only one season, 1916-1918. 


The maximum ranges as given by this table are 4.5 for the 
‘‘Triumph,’’ 3.56 for the ‘‘Dunean,’’ and 0.62 for the ‘‘Marsh.’’ 
The maximum average ratios attained within the periods specitied 
were 13.5 for the ‘‘Triumph,’’ 9.95 for the ‘‘Dunean’’ and 7.48 
for the ‘‘Marsh.’’ The ‘‘Triumph,”’ as already stated, had a ratio 
higher than 7 from the beginning. The Duncan showed the legal 
ratio for the first time during the last week of October and the 
Marsh during the middle two weeks of November. Both in the 
case of the Duncan and the Marsh 100 per cent maturity was ob- 
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tained some time during the second and third weeks of December. 
Notice that the ratios of the Dunean and the Triumph keep on in- 
creasing through the season. 

The rates of inerease of the ratios as well as the maximum ratios 
attained, are then in the order ‘‘ Triumph, Dunean,’’ ‘‘Marsh.”’ 

According to these results the date of legal maturity of the 
‘Triumph’? comes at a very early date, long before September 
22nd, while most of the ‘‘Dunean’’ and the ‘‘Marsh’’ mature some 
time during the month of November—November 3rd and 26th. 
By December all varieties show perfect maturity. 

Acids and solids—It has been found that the ratio of solids to 
acids and its rate of increase is greatest for the ‘‘Triumph,’’ least 
for the ‘‘Marsh’’ and medium between these extremes for the 
‘‘Dunean.’? As this rate depends upon the rate of change of the 
solids and acids we will take this up next. The highest percentage 
of solids in solution is shown by the ‘‘Triumph,’’ the next higher 
one by the ‘‘Dunean,’’ and the lowest by the ‘‘Marsh’’; not only 
this, but the lowest acid content is also shown by the ‘*Triumph.’’ 
However. in th e ‘‘Marsh Seedless’’ the percentage of acid is higher 
than in the ‘*Dunean.’’ It appears then that the higher ratios that 
obtain in the ‘‘Dunean’’ as compared with the ‘*Marsh’’ are due 
to the higher content of soluble solids, coupled with a lower aeid 
content. 

Now as to the rates of increase. The rate of increase in this, 
as in all other instanees was caleulated by finding the differences 
hetween the succeeding figures starting with the first, and marking 


9? 66 


the differences, positive or negative, according as the figure that 
followed was larger or smaller than the one immediately preceding 
it with which it was compared. All the positive and negative dif- 
ferences were added together and the difference between the sums, 
found. This difference indicated, then, the direction of the varia- 
tion, whether toward an increase or a decrease. As the periods of 
time between the suceesive dates were practically the same, this 
difference was divided by the number of approximately equal 
periods covered, and the quotient taken as the mean variation per 
period. To illustrate, take the column headed ‘‘Per cent solids’’ in 
table No. 43, page 81. The suecesive differences are as follows: 


9.6 minus 98 = —02 9.8 minus 10.10 = —0.3 
9.45 minus 9.6 == —O0.15 10.3 minus 9.8 = + 0.5 
10.10 minus 9.45 = + 0.65 10.2. minus 10.8 = —0,10 


10.10 minus 10,10 == 0 9.5 minus 10.2 == —0.70 
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The sum of the positive figures is plus 1.15. The sum of the 
negative figures is—1.45. The difference between the sums is — 
0.30. As there were 7 approximately equal intervals of time be- 
tween September 22nd and January 18, but the time elapsed from 
January 18th to February 19th was about twice as large as the 
others, we may take the whole time as representing 9 approximately 
equal periods. Dividing, then, 0.30 by 9 we obtain — 0.0333. That 
is, the solids in general decreased at the rate of 0.0333 per cent every 
fifteen days (approximately). The figures so obtained will be taken 
to represent the rate of change of the different items. In the same 
manner the rate of change of the percentage of acid was found 
to be —0.0422. As seen, the acids decreased at a faster rate than 
the solids, thus giving rise to an increase in the ratios. Notice, 
besides, that whereas the decrease in the solids occurs only at in- 
tervals, the decrease of the acid is continuous and practically with- 
out interruption. This makes the increase in the ratios more marked 
still. 

Taking now the ‘*‘Marsh’s Seedless,’’ it will be noticed that both 
solids and acids seem to diminish, but in this instance the rate at 
which the acids decrease, 0.0316, is much lower than the rate of 
change of the solids (—0.141). Comparing this variéty in this 
respect. with the ‘‘Triumph’’ we find that in the latter the rate of 
decrease of the solids is only about three-fourths as a large as that 
of the acid, while in the former the solids diminish at a rate which 
is over four times as large as that at which the acid decreases. In 
the ‘‘Dunean’’ the rate at which the acid decreases,—0.0464, is 
practically the same as in the ‘‘Triumph,’’ but the solids show a 
slight increase (at a rate of plus 0.010) instead of a decrease. In 
spite of this the rate of increase of the ratio of solids to acid in the 
“‘Triumph’’ is larger. This may be accounted for again by the 
fact that the decrease in acid in the ‘‘Triumph’’ is practically an 
uninterrupted process (dnly one increase of 0.03 having been no- 
ticed) while in the ‘‘Dunean’’ two inereases, one of 0.01 and 
another of 0. 06 occur. Besides, the rate of decrease of the acid 
is slightly larger in the ‘‘Dunean.’’ These differences in the rates 
of change of the soluble solids and acid in the different varieties 
account for the order in which they come to maturity. 

Per cent sugars.—The percentage of total sugars is highest in the 
‘‘Triumph,’’ less in the ‘‘Dunean’’ and least in the Marsh; 6.568 
per cent for the first-mentioned variety, 5.603 per cent for the second, 
and 4.825 per cent for the last. The proportion of total sugars to 











~~ eer ee 











eee 











NATURAL CHANGES, 89 





con 


total solids varies also in this order, being 0.655 for the riumph,’’ 
0.618 for the Dunean, and 0.598 for the Marsh. So, then, the chief 
differences between the first two varieties that might be made to 
account for the differences in the taste of their juice is the pro- 
portion of solids to acid. The ‘‘Marsh’’ differs from the ‘‘Dunean’’ 
chiefly in the proportion of total sugars to solids, and from the 
“Triumph’’ in both the ratios mentioned. This accounts for the 
superiority of the ‘‘Dunean’’ over the other two varieties, as regards 
quality of juice. The staleness of the ‘‘Triumph’’ is due to lack 
of acid, and’ the rather insipid taste of the ‘‘Marsh’’ may be at- 
tributed to lack of sugar; besides, this last variety also has a little 
less acid than the ‘‘Dunean.’’ 

Another interesting point of comparison is the proportion of 
invert sugar to sucrose. The ‘‘Triumph’’ contains nearly as much 
invert sugar as sucrose, the ratio of the former to the latter being 
0.9556, although in some instances this ratio has been as high as 
1.50. Next higher in the ratio of invert sugar to sucrose is the 
‘‘Dunean’’ with an average ratio of 1.40, and the highest is the 
‘‘Marsh’’ with an average ratio of 1.857. The order in which the 
varieties stand in the other respects considered has been here re- 
versed, with the ‘‘Dunean’’ always occupying the middle position. 
This high ratio of invert sugar to sucrose in the ‘‘Marsh,’’ however, 
is not due to an exaggerated percentage of invert sugar, but rather 
to a low percentage of sucrose, of which it contains the least amount, 
1.658 per cent. The highest percentage of cane sugar is contained 
hy the ‘‘Triumph”’ variety, with 3.27 per cent, while the ‘‘Duncan’’ 
again occupies the middle position with a content of 2.281 per cent. 
In invert sugar the three varieties were about the same, the order 
heing 3.301 per cent for the ‘‘Dunean,’’ 3.125 per cent for the 
““Triumph,’’ and 3.079 for the ‘‘Marsh.?’’ 

Weight and size-—There were variations in weight between some- 
what narrow limits for a given variety but these variations were 
irregular. The sizes, though varying between wider limits, did not 
show any regularity, either, in their variations. The ‘‘Triumph’’ 
showed the smallest average size, number 76; and the least weight 
per fruit, 387.16 grams. The Dunean and the ‘‘Marsh’’ had about 
the same size, number 56 for the former and number 55 for the 
latter, while their weight per fruit did not differ very much, being 
552.09 grams for the ‘‘Dunean”’ and 510.56 for the ‘‘Marsh.”’ 
The weights per box, however, were rather uniform for the three 
varieties, 28.234 kems. (62.115 lbs.) per box for the ‘‘Marsh,’’ 
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30.024 kgms. (66.052 Ibs.) for the ‘‘Triumph,’’ and 30.9721 kes. 
(68.1’8 lbs.) for the ‘‘Dunean.’’ This would seem to indicate that 
the differences in weight are affeeted only very little by the va- 
riety, and that they are mostly affected by the size of the fruit. 
This statement as well as the fact that after the fruit is fully devel- 
oped its weight is not affected by the time of picking may be fully 
demonstrated by the following data: 

Eighty fruits were picked each month from September to Jan- 
uary inclusive from each of the trees marked G, E, H, B, D, F. 
This fruit, which was used in the experiment to detect*the changes 
brought about by sweating to be described further on, was all meas- 
ured and weighed, and the weights of all fruits of the same size for 
each separate month were averaged. The averages obtained for the 
most common sizes were as follows : 


Average Weight in Grams per Fruit. 








Size September| October November, December! January 


Sasi Dkiieny dei eaihiien ices 823 682 833 
Ne aire x Resins wick aeee 573 631 626 680 
kegs Mas ea Paneer 573 544 Se Serre 
Decckss: aden pcaihaantacuaene 517 501 531 586 








The average weights of all the samples of fruits of the same 
average size picked on the different seasons were in turn averaged 
to find the mean weight of each size for each season, and for all the 
seasons for which it was tested. The results are given below in 
tabular form: 


TABLE 50, 


Showing Weight of Fruits in Grams pre Fruit by Seasons and by numbers. 
eS | ‘ | lA verages for all 
1916-1917 1917-1918 1918-1919 I thivee seasons 




















Eelelstieét|lgs rire eer st 

Size of fruit =: 5 3 s | 5 ge = a 4 z = 2 g 
Bile|/siflieigl|flei)e/] |e) gs 

. 12 -|& -ial4 a | 2 

Bee SE Sb Sb C5 Be ce oe SE Se ae 

= = <4 a |e < = = < = = < 

gail Pe ee a ‘aig ste 
No. 86..................| 1066] 718] 756 | 713 |667_ | 690 |......|...... eee 889.5 | 701.5! 723.0 
GMB See aces csgars 766 | £66) 650 | 691.6 | 576.5 | 347.9 | 636 | 656 |"'596 | 697.8| 566.1) 631.3 
COM orcc scause seek | 658| 409} 554 |585.8/4630 548.3) 615| 452) 545  619.6| 441.3. 549.1 
DNL oocisrassacscsonn: | 658| 317 | 513 510.0/ 415.0 | 469.9) 564] 417| 483/577 | 377.3) 488.6 
MOND ee oscocscansend jeseeee[eeeees bee 424.4) 391.0 | 408.9 405) 405 | 403 414.6 | 395.51 105.5 

| i i | | 


These figures have all been obtained from averages of samples con- 
taining from 6 to 12 fruits each. 
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The number of samples considered for each size in each season 
are as follows: ° 





Size | 1916-17 | 1917-18 | 1918-19 





| | 
Be AaVnacdicanu hacdpeaderneesteawase Noa wien eaaus tebe aus Sh eeeMOnn ee naanees | 8 | Di csccue 
MG NRL sol, Sao EN Louie ta a Oe ee ee | 58] 16] 3 
a Ne OMAR NRO RAIN MAD ERG CR an ane Cine cy oe | 101; 12] 12 
rT ream nn ree rim Mn ar EK rE Dene E Haul jiie O28) 68 | 8 9 
79 | 4 | 3 





The first of these tables shows that the month in which the fruit 
was picked has not apparently affected the weight of the fruit, 
while the second table shows the influence of size, which is the most 
influential factor affecting weight. The scant influence of the va- 
riety on the weight per fruit may be seen from previous tables. 

Juice and skin.—In all varieties the juice increased perceptibly 
and the skin decreased very slightly. The rates of changes, however, 
differed for the different varieties. The ‘‘Marsh’’ showed the fastest 
rate of increase of juice, as well as the highest juice content of all, 
1.274 and 44.06 per cent respectively. Next followed the ‘‘Dunean”’ 
with a percentage of juice of 42.40 per cent, and a rate of increase 
of 0.602, and finally the ‘‘Triumph,’’ which had only 32.41 per cent 
juice and a rate of increase practically the same as the ‘‘Dunean,”’ 
0.579. 

As regards percentage of skin the ‘‘Marsh’’ has the highest, 
30.67 per cent, as well as the highest rate of decrease, 0.117. Next 
comes the ‘‘Triumph’’ with a skin content of 29.10 per cent and 
a rate of decrease of 0.0577, and finally the ‘‘Dunean’’ with only 
26.51 per cent of skin and a rate of decrease of 0.0037. This 
again shows the ‘‘Triumph’’ to be the poorest of the three varieties 
in quality, as it has much less juice than either the ‘‘Dunean”’ or 
the ‘‘Marsh,’’ and quite as much skin as the ‘‘Marsh’’. The 
‘‘Dunean’’ again stands out as the best, as it contains practically 


as much juice as the ‘‘Marsh,’? and much less skin. 


SUMMARY. 


We have, than, the folowing prominent points brought out by 
this comparison : : 

1. The ‘‘Triumph’’ is the variety attaining the highest ratio of 
solids to acids, exhibits the fastest rate of increase in this ratio, 
and reaches the legal ratio of 7 the earliest of all. 

2. The ‘‘Marsh’”’ matures with the lowest ratio of solids to acids 
of all, the rate at which this ratio increases is very slow, and it does 
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not reach the legal ratio of 7 in an appreciable proportion until 
the latter part of November. : 

3. The ‘‘Dunean’’ occupies a somewhat middle position between 
the ‘‘Marsh’’ and the ‘‘Triumph’’ as regards the points of com- 
parison enumerated. 

4. The percentages of solids show, in general, a decrease, both 
in the ‘‘Triumph’’ and in the ‘‘Marsh,’’ the rates, however, being 
faster in the latter. In the ‘‘Dunean’’ this item increases slightly 
during the process of maturation. The percentage of acids decreases 
in all three varieties, but at fastest rate in the ‘‘Triumph’’ and 
lowest in the *‘Marsh.’’ As to actual percentages of solids in solu- 
tion the ‘‘Triumph’’ shows the highest, followed by the ‘‘Dunean’’ 
and lastly the ‘‘Marsh.’’ In acid content, however, the order is 
reversed, the highest being the ‘‘Marsh,’’ followed by the ‘‘Dunean’’ 
and lastly the ‘‘Triumph.’’ 

5. The total sugars vary in descending order of 
‘‘PDunean,’’ ‘‘Marsh.’’ The relative percentages of sucrose stand 
again in the descending order already pointed out, while the per- 
centages of invert sugar are very nearly the same in the three va- 
rieties. This makes the ratio of invert sugar to sucrose to increase 
in the above mentioned order of ‘‘Triumph,’’ ‘‘Dunean,”’ ‘‘Marsh.’’ 

6. All posible sizes and weights can be found in any variety. 

The weights per fruit are not as much affected by varieties, as by 
other factors, especially size. After the fruit has developed to 
normal size there is no difference introduced in its weight by the 
time of picking of the fruit. 
7. The ‘‘Marsh’’ and the ‘‘Duncan’’ have about the same con- 
tent of juice, while the ‘‘Triumph’’ has much less than either. The 
‘‘Marsh’’ and the ‘‘Triumph’’ rather coincide in their percentages 
of skin, the ‘‘Dunean’’ having a lesser percentage than either. 


a I 
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CHANGES IN THE PROPORTION OF PLANT-FOOD CONSTITUENTS OF 
THE FRUIT. 


SEASONAL CHANGES. 


In the samples of fruit picked during the season 1918-1919 the 
nutritive ingredients contained by the fruit were determined, as 
already explained. The tables presenting the results of the analy- 
ses are given below. One table has been prepared for each tree, 
showing the seasonal changes of individual trees in the proportion 
of these ingredients. By averaging the results for all samples picked 
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on the same date the mean seasonal variation of the trees tested 
is given in tabular form. Tree No. 17, whose matured fruit was 
always picked before samples for analysis were secured, has heen 
excluded from these averages. 


INDIVIDUAL TREE RECORDS. 


These tables represent the seasonal variations of each individual 
tree. They were constructed by tabulating the results of the analy- 
ses of the suceessive samples picked from each tree. 

In the discussion that follows only the pereentages calculated on 
the whole fruit inserted in the column headed ‘‘Original hasis’’ are 
used for comparison. 

TABLE 51. 
Nutritive Elements in Grapefruit—Whole Fruit. 
TREE No. 12—SEASON 1918-1919. 


| F Phosphoric * 
Dates on which | tatio | anhydride | Potash Nitrogen 


















samples were Dry ; 7. _ |—--------— ——-—- 

picked matter solids | Dry |Original) Dry |Original) Dry Original 
toacids) Basis | Basis Basis Basis Basis Basis 
son serene ese Sineerrets | OORee 

November 12..... 15.79 8.260 | 0.241 % | 0.0881 0.955 | 0.1507 |.......... Perec ce 
November 26..... i 14.46 8.965 | 0.257 | 0.0870 0.800 0.1160 | 0.672 | 0.1000 
January > Pee | 13.94% 10.320 0.384 =| 00190 ¢ 1.033 } 0.1440 | 0.784 | 0 1030 
January : Re | 15.00% 9.240 | 0.3868 ¢ | 0.0550 0.924 ; 0.13890} 0.7195 0.1080 
February 24..... 11.31 10.510 0.558 | 0.0630 1.190 | 0.1346 Oe. le scévcance 
Averages...... 15.10 9.459 | 3616 | 0.04842 0.9804 | 0.1368 0.5461 0.1036 





This table shows higher phosphoric-acid contents corresponding 
to higher ratios, as well as a gradual increase in this item in each 
succeeding sample. 

There are practically no variations in nitrogen. 

The differences in potash are within the limits of error in sam- 
pling and analyzing except for the sample picked on November 26. 


TABLE 52. 
Nutritive Elements in Grapefruit—Whole Fruit. 
TREE No. 13—SEASON 1918-1919. 


























| Phosphorie | F 
Date in which | , | Ratio anhydride | Potash Nitrogen 

samples were Dry | of je - 
picked ; matter | solids | pry |Original) Dry |Original} Dry |Original 

| to acids! Basis | Basis Basis Basis Basis Basis 

i | | | 

November 12 16.57 | 8.680 0.285 | 0.0472 | 0.720 0.119 | CORE ccs cncews 
November 26. 12.73 | 8.309 0.260 | 0.0330 ; 0.900 9.114 | | | rae 
January 2. 13.83 | 8.790 0 307 | 0.0390 0.979 0.131 | 0.748 0.1010 
January 20...... 10.59 | 8.114 0.392 | 0.0420 | 0.856 0 091 | 0.727 0.0770 
February 24...... 12.32 | 8.760 0.476 0.0590 1 0400 0.110 0.900 0.1110 
Averages,..... 13.20 a eee COMOE  Aieccccccs Ge iicccecaes 0.0963 











The variations in the ratios are here (See table No. 52) within 
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rather narrow limits, and a fair degree of correspondence may be 
detected between ratios and percentages of phosphoric acid, which 
shows that below a certain minimum difference in ratio the differ- 
ences in phosphoric acid are not quite so apparent. However, com- 
paring the average ratios and phosphoric acid contents of this tree 
and the previous one, it is seen that the tree with the higher 
average ratio has the higher percentage of phosphorie acid. 

The potash content shows little variation. 

There are fluctuations in the nitrogen. These the writer 
inclined to believe that when occurring in one and the same tree 
are due to difficulties encountered in drying the substanee for analy- 
In a number of cases the samples were partially charred. 


is 


SIS. 


TABLE 53. 
Fertilizing Elements in Grapefruit—Whole Fruit. 


TREE No 14, 





Date on which 
samples were 
picked 


November 

November 2 

January 

January 

February 24..... 
Averages 


Dry | 
matter | 


SEASON 1918-1919. 


LOCATED AT MR. M. DAVID’S PLANTATION, VEGA BAJA 





Phosphoric 
anhydride 


Potash 


Nitrogen 





| Original 


Dry 
Basis 


Basis 


Dry 
Basis 


Original 
Basis 


Dry 
Basis 


Original 
Basis 





16.82 
14.58 | 
14.46 | 
12.00 
8.69 


7.870 | 
7.760 | 
9.290 
7.610 | 
12.080 


| 
| 





0.0456 
0.0380 | 
0.0471 | 
0.0490 | 
0.0370 | 


0.271 
0,262 | 
0.357 
0.409 | 
0.426 


0.203 
0.115 
0.177 
0.130 
0.120 





0.469 
0.418 |... 
0.172 
0.817 
0.862 





| es 


| 0.0839 





No correspondence is here observed between ratios and percent- 
ages of phosphoric acid nor is there any regular increase noticed 


in this item. 


The percentage of potash diminished regularly, if the sample 


picked on November 26th is excepted. 


It is significant that in every 


tree the sample picked on this date shows the lowest percentage 


of potash. 


The nitrogen is lower than in the other trees. 


TABLE 54. 


Fertilizing Elements in Grapefruit—Whole Fruit. 


TREE No. 15, LOCATED AT MRS. G. D. SMITH’S PLANTATION—SEASON 1918-1919. 





Dates on which 
samples were 
picked 


November 26..... 
January ee 
January are 

Averages,..... 


Dry 
matter 


Ratio 


Phosphoric 
anhydride 

Dry Original 

Basis 





0.0441 
0.0320 
0.0149 | 


0.0480 | 


ron 


wisiois 
> Go St Go 


Dry Original 
Basis _|_ Basis _ 


Potash 


Basis _ 
0.192 
0.104 
0.173 
0.145 


1.240 | 
0.830 | 


1.232 | 





Nitrogen 
- Orig inal 
Basis 


~ Dry 
Basis 


0.616 

0.660 

0.548 | 

es eee 








0.151 | 
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The phosphoric-acid content is here rather constant, if the 
second sample is excepted. With this notable exception, slight in- 
creases have accompanied the increases in ratio. There has been 
a slight tendency to increase through the season. 

The potash has diminished steadily, while the ratio has steadily 
increased. The only regularity in this respect is presented by the 
second sample again. 

The nitrogen has decreased. 


TABLE 55. 
Fertilizing Elements in Grapefruit—Whole Fruit. 


TREE No. 16, LOCATED AT MR. E. R. DAY’S PLANTATION, MANATT. 
SEASON 1918-1919. 





























Phosphoric | 2 
Dates on which , | anhydride Potash Nitrogen 
samples were Dry Ratio |—————_— | —_— | ——$$__ 
picked matter Dry |Original! Dry (Original) Dry Original 
| Basis | Basis | Basis | Basis Basis q Basis 

| | 
November 12..... 17.43 7.86 | 0.271 0.0472 1.150 0.200 | 0.566 0.0986 
November 26.... | 13.80 7.00 | _ 0.200 0.0280 | 0.760 0.105 | 0.590 0.0810 
January . |} 14.12 7.65 0.297 | 0.0419 1.1010 0.1550 0.590 0.0833 
January ee 14.63 7.638 0.342; 00500, 0250 0.150 | CO | ee 
February 24..... 13.00 9.05 0.382; 0.0496 | 1.290 0.168 0.781 0.102 
Averages...... 14 596 Tec vesccucs | O.0GES |. cc ccccves OGG faces wanes | .0905 

| 





The phosphoric acid inereases toward the end of the season. 
Again the second sample is abnormally low. Notice that the ratios, 
except the last and second, which are extremes, lie fairly close 
together. No regularity is noticeable in the variations. 

The potash is rather constant in the last three samples, and 
lower than in the first. The sample picked on November 26 was 
once more exceptional. 

There are no great differences among the percentages of nitrogen. 

° 


TABLE 56, 
Fertilizing Elements in Grapefruit—Whole Fruit. 


TREE No. 17, LOCATED AT MESSRS. SCOVILLE & CASTLE’S PLANTATION, MANATI. 
SEASON 1918-1919. 


























Phosp ho ric 
Dates on which a anhydride | Potash Nitrogen 
samples were Dry _| Ratio se 
picked matters | Dry (Original! Dry |Original Dry /|Original 
| Basis | Basis Basis | » Basis Basis | Basis 
7 ‘ piaeateal ai | | 
November 26..... 14 00 6.23 0.243 0.0340 0.770 0.108 0.674 0.0940 
January ; Pe 16.30 6.76 0.317 CONES | ccccccsas eaceanaes 0.840 0.1300 
January | 16.23 6.03 0.380 0.0620 | 1.340 0.217 0.772 , 0.1250 
February 24,.... * 17.91 7.937 | 0.352, 0.0630 | 1.210 | 0.2167 0.855 0.1530 
Averages... 16.638| 6.575 |.......... 0.0512 |... 0.1980 ...... ees! 0.1255 
| { ‘ 
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No matured samples were picked from this tree, except the last, 
so that it affords an opportunity to observe the change in immature 
fruit. The last two samples are higher in phosphoric anhydride than 
either of the first two, while the potash is lowest in the first, and 
practically constant in the last two. The nitrogen is considerably 
higher in the last three samples than in the first. Notice that the 
fruit of this tree, which was green, had higher percentages of ni- 
trogen, phosphoric acid and potash, than that from either of the 
other trees. 

TABLE 57. 
Fertilizing Elements in Grapefruit—Whole Fruit. 
TREE No. 18, LOCATED AT MR. KACHRLE’S PLANTATION. 


SEASONAL VARIATION OF INDIVIDUAL TREES, VEGA ALTA—1918-1919. 


= Phosphorie 5 
Ratio An hedcide Potash Nitrogen 





Dates in which 2 
sample were | _ Dry ae _—— ——— eee 
picked matter | solids Dry Original) Dry | Original! Dry |Origina | 
to acids} Basis Basis Basis Basis | Basis | Basis 

November 12...... 15.03 7.690 0.284 0 0426 9,270 kre OER Pe 
November 26...... | 1299 7.430} 0.240} 00310 0.830 0.107 | 0.682 |” 0.08: 0 
Junuary 2........ 12.94 8 596 B15 URE iincgcccpasslsaascues | 0.557 | 0.0720 
January 20 ....... | 15 92 8.576 0.336 0.0534 0.870 0.138 | OB bis sicxsesee 
February 24....... 10.31 9.330 | 0.392 DUNE to. ks dabacslonsenvcas ee 
Averages...... | 13.43 2 Eee OOM US, scssns OMB fs ccs on | 0.080 








The sample picked on November 26 shows the lowest content in 
phosphoric acid and potash. No regular increase or decrease, can 
be traced in either of the constituents in this table. 

From the above tables of individual trees, the following, giving 
the mean seasonal variation of all the trees tested, was composed: 


TABLE 58, 
Seasonal Changes in Nutritive Elements in Duncan Grapefruit. 


Mean composition of fruit on the dates specified found by averaging the results 
of the analyses of all samples picked on the sane date. 

















Ratio | 
: Dry of | Phosphoric 
Dates on which samples were picked matter | solids | @mhydride | Potash | Nitrogen 
| to acid | 95 
NE ED inio5s.5 vkeesessaenaeseswesneeen 16,196 | 7.880 | 0.0441 0.1759 0.0916 
November 26 13,496 | 7.882 | 0.0331 0.1101 0.0813 
SR error reer rr terre re 13.891 | 8.838 | 0.0438 0.1560 0.0860 
JANUATY 2D... ....cccccccceccccccccccccs oeee 13.546 | 8.833 0.0495 0.1338 0.0786 
February 24,.... .ccccccccescccscreccccceces 11,126} = 9.947 0.0495 | 0.1066 0.0774 
| 





All results have been caleulated on the whole fruit. 
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In the above table the phosphoric acid shows a slight tendency 
to increase, although two irregularities may be noticed on November 
26th and January 2nd. Although in a general way the fruit with 
the higher ratios usually contain higher percentages of phosphoric 
acid, yet this correspondence does not follow very closely and is 
only apparent when the differences in ratios are considerable. Thus, 
although the fruit picked on November 12th had a ratio of 7.88, 
and that picked on January 2nd had a ratio of 8.838, yet the phos- 
phoric acid of the former is slightly higher than that of the latter. 
So also the samples picked on January 20th and February 24th had 
ratios of 8.333 and 9.947 respectively, but their phosphoric-acid con- 
tents were the same. However, no sample with a ratio of less than 
8 approaches the percentage of phosphoric acid contained by the 
sample with ratio of 9.947. This item seems to be influenced to a 
greater extent by the time of picking of the fruit than by the ratio, 
as may be seen by averaging separately the first three figures and 
the last three in the foregoing table and. comparing the averages 
obtained. 

The gradual descent of the potash as the season advanced is very 
apparent, the only notable exception occurring in November 26th. 
For some unaccountable reason all the samples picked on this date, 
have been uniformly the lowest in the series. In opposition to phos- 
phorie acid, the potash content shows a tendency to be lower in 
fruits with higher ratios, and in common with phosphoric acid this 
correspondence is more evident where the difference in ratios is 
greater. 

This statement is supported by data obtained in another experi- 
ment, conducted in cooperation with Mr. W. C. Dreier, a very 
progressive planter of this district. Briefly stated the experiment 
has consisted in applying potash to a plot, and leaving two plots, 
one on each side, without any potash for the last five years. A 
number of observations have been made on the trees and the fruit 
from these plots, which will be eventually published. For the pre- 
sent purpose, only a series of potash determinations and ratio of 


solids to acid will be presented here. They follow in tabular form: 
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Potash in Grapefruit. 
DUNCAN VARIETY. 





| 
































5 | Plot A | Plot B Plot C 
he | 
ve ° j 
2e Date fruit was picked | 
gs | eon gl Per cent | naiest Per cent nate ot Per cent 
3 } 
Ze | to acia | Potash | toacia | PO##2 | to cia | Potash 
| | | 
er \ cxsiestaal gf See S| RRS ave 
2 | October, 1919..... rn 0.205 |"* °5:87| 0.2190 |"""""g!00'}"*" "0.1770 
3 | January 81, 1920.. 0.151 7.50 0.196 4.97 0, 2496 
4| February 24, 1920 0.1077 8.40/ 0.1427; 7:00] 0.1110 
5 | March 29, 1920..... "168 10.50} 0.1631} 8:00} 0.1778 
6 | May 17, 1920....... 0.116 | 8.00} 0.1803} 10.00} 0.1240 
RIN i icscc sich ane paniciesioae 0.1591 | 0.1805 1678 





Plots A and C received no potash. Plot B received potash. 


In this table notice that the most unripe fruit contains the high- 
est percentage of potash in each lot, and that with few exceptions 
the fruit with the higher ratios contain less potash. Again the 
descent in potash is more apparent where the differences in ratios 
are greater. 

Incidentally it may be noticed that the fruit from the plot which 
received potash shows up a little more potash than that from the 
plots receiving no potash. However, the difference is very small. 

The nitrogen content of the fruit does not seem to be affected by 
the time of picking of the fruit although it might be remarked that 
the last two sets of samples picked showed the lowest averages. 
There is no well-established relation between nitrogen content and 
ratio of the fruit except that the tree from which only immature 
fruit was obtained, with a ratio of 6.575, showed the highest ni- 
trogen content of all. 

As regards dry matter in the fruit, it must be borne in mind 
that these figures represent the dried residue resulting from drying 
the chopped fresh fruit in a big air oven where uniformity of tem- 
perature was hard to attain. and therefore are scarcely comparable. 
However, they show such a regular gradual fall through the season, 
that some value may be attached to them. They show evidently 
that the fruit kept gaining in juice all through the season, and 
that in a general way the fruit with the higher ratio contained a 
higher percentage of juice, and softer tissues. 


COMPARISON OF TREES. 


The composition of the fruit from the different trees showed a 
fair degree of uniformity as evidenced by the following: 
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TABLE 59. 
Fertilizing Elements in Grapefruit—Whole Fruit. 
Averages of each tree for the whole season. 


DUNCAN—1918-1919. 




















| l 
p | Phosphoric | potash, | Nitrogen, 
Tree number | . Dry Ratio | acid, original | original 

| Matter | original basis basis 

| } basis 
14.10 9.459 | 0.0489 0.1368 0.1036 
12.20] 8.530 | 0.0440 0.1180 0.0965 
13.81 8,822 | 0.0433 0.1500 0.0839 
13.81 8.10 0.0422 0.1510 00832 
14.59| 7.839 0.0433 0.1550 0.0905 
16.64| 6.575 0.0512 0.1980 0.1255 
13.43} 8.220 0.0418 0.1455 0.080 
14.15| 8.247 | 0.0449] 0.1518 0.0896 











1Tree No. 17 was left out of the averages, as the fruit picked from it was all green 
fruit 


The only notable exception is tree No. 17, from which, as ex- 
plained, all samples picked were immature. This tree, therefore, 
should not be compared with the rest, from which ripe, matured fruit 
was always obtained. Desregarding this one tree, then, we find a 
fairly close agreement in the percentages of phosphoric acid, potash, 
and even nitrogen. Only two exceptions are worth noticing, and 
those are the percentage of potash in the fruit from tree No. 13 and 
the percentage of nitrogen in the fruit from tree No. 12. The dry 
matter is also in close agreement. 

Comparing now the green fruit from tree No. 17 with the rest, 
we find a ratio much lower than any of the others accompanied by 
notable higher percentages in all the constituents determined as 
well as in dry matter. This suggests a lower content of juice in 
the greener fruit, and lends evidence to the assumption that most 
of the mineral constituents of the fruit, if not all, are absorbed and 
incorporated in the fruit in the earlier stages of development, and 
that the latter part of the development until maturity is reached 
is taken up chiefly by an absorption of water and changes in the 
combinations of the elements already absorbed. 

The changes noticed are not wide enough, nor regular enough, 
to justify any further conclusion as to the variations in the plant 
constituents of the fruit during the process of maturation. A 
greater number of analyses, and a more extended period of obser- 
vation are required before any definite facts may be ascertained. 
It seems safe, however, to assume that after the fruit is developed 
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very little changes, if any, occur in its mineral composition or its 
nitrogen content. Perhaps the only ingredient suggesting a regu- 
lar variation is the potash. 

Although the kind of soil and the fertilizer differed for each 
one of the- trees tested, yet the percentages of the different ingre- 
dients found for each tree (excepting tree No. 17) agree fairly weli. 
This seems to indicate that these two factors do not affect very 
prominently the chemical composition of the fruit. As to the ef- 
fect of soil, we will see further on. As to the effect of fertilizers, 
we have not enough data of our own. In the paper entitled ‘‘ Ef- 
fect of Fertilizers on Oranges’’ by H. D. Young of the California 
Experiment Station, which appeared in the Journal of Agricultural 
Research, Vol. VIII No. 4, pages 127-138, the conclusion is ex- 
pressed that— 


‘*There was no increase in the amount of either phosphate or potash in the 
fruit brought about by the quantities applied in this experiment. ’’ 


To further quote from this interesting paper we may copy the 
following sentence: 


‘*The averages from these plots receiving fertilizers are almost identical with 


those not fertilized.’’ 


Our figures, so far as we have gone, are in accord with these 
cone¢lusions. 
SUMMARY OF PART T. 


The whole discussion that precedes may be summarized thus: 

1. The changes that take place in the fruit during its devel- 
opment, viz., increase in juice content, increase in weight, decrease 
in the proportion and thickness of the skin, ete., become less and 
less perceptible, until finally they cease to be perceptible, as matur- 
ity approaches. 

2. Obvious signs of maturity, such as color of the fruit, condition 
of the juice cells, taste of the juice, and general appearance, coincide 
with cessation in the increase of weight and juice, and the decrease 
in the content of skin, as well as with the decrease in acid content 
and the increase of ratio of solids to acids; also with the end of the 
process of sugar elaboration and the beginning of inversion of 
sucrose. 

3. Taking the changes enumerated and the signs of maturity 
above referred to as criteria to judge the maturity of the fruit, it 
may be assumed that grapefruit here may not be considered ripe 














e 








| 








NATURAL CILANGES. 





101 


and fit to eat before the ratio of solids to acids in solution in the 
juice has reached at least 7. This minimum ratio should be ac- 
companied by the signs of maturity evident on inspection. 

4. The changes enumerated above apply in a general sense to 
the three varieties tested, but the rate at which they proceed and 
the extent to which they take place differ for each variety. The 
details of this comparison have been given on page—. 

5. The ‘‘Dunean’’ and the ‘‘Marsh’s Seedless’’ varieties attain 
the legal ratio of 7, and ripeness toward the end of the month of 
November. The ‘‘Triumph’’ variety shows the legal ratio very 
early in the season, before September, but true maturity is not proba- 
hly reached until November. 

6. The sugars are formed toward the latter part of the devel- 
opment of the fruit, and their elaboration ceases when maturity is 
attained. After maturity the sucrose suffers inversion, and some 
decomposition of invert sugar takes place. 

7. All of the solids, acids included, except the sugars are formed 
at. a very early stage in the development of the fruit. When the 
fruit is vet very green, the percentages of solids in solution, and 
the ratio of solids to acids are very high. With further devel- 
opment of the fruit the percentages of solids and the ratio descend. 
When the process of maturation begins the ratio increases regularly 
again, due to a gradual decrease in the acid content until perfect 
maturity is attained. ° 

8. The fact that the nutritive ingredients in the fruit, viz., 
nitrogen, phosphoric acid and potash, are in a higher proportion 
in the green fruit than in ripe or nearly ripe fruit, further confirms 
the conclusion that practically all of the solids are formed in the 
earlier stages of development of the fruit. 

9. With fruit which is fully developed no regular changes in the 
content of nutritive ingredients of the fruit could be detected during 
the seasons. There are indications, however, that the phosphoric acid 
may be higher and the potash lower in ripe than in unripe fruit. 

10. The proportion of nitrogen, phosphoric acid, and potash were 
rather uniform for the different trees, a fact which suggests that 
neither the kind of soil nor the kind of fertilizer have much influence 
on these items, especially the last two. More work is necessary 
along this line. 


[END OF PART I.] 


Part II of this work will appear in a subsequent issue of this JOURNAL. 
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